This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Record Display Form 



Page 1 of 1 



First Hit 

□ 



L10: Entry 4 of 5 File: EPAB Aug 7, 2002 

PUB-NO : EP001229226A2 
DOCUMENT-IDENTIFIER: EP 1229226 A2 

TITLE: Combustion vibration estimating apparatus, plant and gas turbine plant 
PUBN-DATE: August 7, 2002 



INVENTOR- INFORMATION: 

NAME COUNTRY 

NOMURA, MASUMI JP 

TANAKA, KATSUNORI JP 

ASSIGNEE-IN FORMAT I ON : 

NAME COUNTRY 
MITSUBISHI HEAVY IND LTD JP 



APPL-NO: EP02002276 
APPL-DATE: January 30, 2002 

PRIORITY-DATA: JP2001022338A (January 30, 2001) 
INT-CL (IPC) : F02 C ,9/00; F23 N 5/00 

EUR-CL (EPC) : F23N005/16; F02C009/18, F02C009/28 , F02C009/34 
ABSTRACT: 

CHG DATE=20020903 STATUS=0> The combustion vibration estimating apparatus (10) 
comprises an inputting unit (4) for inputting limiting values of plant (30) data, 
weather data and internal pressure variation, an internal pressure variation 
characteristic grasping unit (1) for making internal pressure variation of a 
combustor into a mathematical model from the input plant data and weather data, a 
combustion vibration region estimating unit (2) for applying a limiting value of 
the internal pressure variation to the mathematical model obtained by the internal 
pressure variation characteristic grasping unit (1) to obtain combustion vibration- 
prone to be generated region, and an outputting unit (5) for outputting a 
combustion vibration region estimation result by the combustion vibration . region 



estimating unit (2) . 



Bes t Available Copy 



h eb bgeeefc ef 



e ge 



(19) 



J 



Europaisches Patentamt 
European Pat nt Office 
Office europeen des brev ts 



(12) 



(43) Date of publication: 

07.08.2002 Bulletin 2002/32 



(H) EP 1 229 226 A2 

EUROPEAN PATENT APPLICATION 

(51) int ci 7: F02C 9/00, F23N 5/00 



(21) Application number 02002276.0 

(22) Date of filing: 30.01 .2002 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Nomura, Masuml, 


MC NLPTSETR 


Mitsubishi Heavy Industries, Ltd. 


Designated Extension States: 


Takasago, Hyogo-ken 676-8686 (JP) 


AL LT LV MK RO SI 


• Tanaka, Katsunori, 




c/o Mitsubishi Heavy Ind., Ltd. 


(30) Priority: 30.01.2001 JP 2001022338 


Takasago, Hyogo-ken 676-8686 (JP) 


(71) Applicant: Mitsubishi Heavy Industries, Ltd. 


(74) Representative: Henkel, Feiler, Hanzel 


Tokyo 100-8315 (JP) 


Mdhlstrasse 37 




81675 Mtinchen (DE) 



(54) Combustion vibration estimating apparatus, plant and gas turbine plant 



CM 

< 

CD 
CM 
CM 

O) 
CM 
CM 



Q. 
LU 



(57) The combustion vibration estimating apparatus 
(10) comprises an inputting unit (4) for inputting limiting 
values of plant (30) data, weather data and internal pres- 
sure variation, an internal pressure variation character- 
istic grasping unit (1) for making internal pressure vari- 
ation of a combustor into a mathematical model from the 
input plant data and weather data, a combustion vibra- 
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tion region estimating unit (2) for applying a limiting val- 
ue of the internal pressure variation to the mathematical 
model obtained by the internal pressure variation char- 
acteristic grasping unit (1 ) to obtain combustion vibra- 
tion-prone to be generated region, and an outputting unit 
(5) for outputting a combustion vibration region estima- 
tion result by the combustion vibration.region estimating 
unit (2). 
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D scriptlon 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a combustion vibration estimating apparatus, a plant and a gas turbine plant. 
More particularly, this invention relates to a combustion vibration estimating apparatus for estimating combustion vi- 
bration generated in a combustor of a gas turbine for business or aircraft, and relates to a plant including the combustion 
vibration estimating apparatus. 

w BACKGROUND OF THE INVENTION 

[0002] For adjusting a control system, various approaches were conventionally taken such as Kalman filter or neutral 
network. However, concerning the combustion vibration of a gas turbine, as matters now stand, its phenomenon is 
complicated, and field shakedown is adjusted based on experience and know-how of an operator now as in the past. 
is [0003] Concerning monitor of combustion vibration during driving, there is a known technique in which data is col- 
lected by a pressure sensor disposed in a combustor, an abnormal condition of the combustion vibration is grasped 
at an early stage by analyzing frequency of the combustion vibration by this data, and the driving state of the combustor 
is monitored while attaching importance to soundness. 

[0004] Fig. 1 9 shows a combustion abnormality monitoring apparatus (gas turbine abnormality monitoring apparatus) 
20 disclosed in Japanese Patent Application Laid-open No. 1 1 -324725. This monitoring apparatus uses a pressure sensor 
100 disposed in the gas turbine combustor, an A/D converter 101 for converting a detection signal from the pressure 
sensor 100 into digital data and receiving the same, a frequency analyzer 102 for decomposing the digital data into 
frequency component and analyzing the same, a judging condition setting section 103 for variably setting reference 
data concerning a frequency component to be monitored based on an output of a gas turbine combustor and a param- 
os eter defined by a fuel supply amount thereof, a judging processing section 1 04 for extracting a frequency component 
caused by combustion vibration phenomenon from analysis data of the frequency component based on the reference 
data, comparing an amplitude value of the frequency component and an amplitude value of data concerning the fre- 
quency component to be monitored under normal conditions with each other, thereby judging the combustion vibration 
state, and a result display section 105 for displaying data concerning the judgement result. 
30 [0005] In this monitoring apparatus, frequency of the combustion vibration is analyzed by data from the pressure 
sensor 100, the amplitude value of vibration at the time under normal conditions is compared with an actually measured 
value at every frequency, and it is possible to judge whether the combustion vibration is abnormal. 
[0006] In the conventional monitoring apparatus, however, it is necessary to previously input an amplitude value of 
the combustion vibration under normal condition for each frequency, and the value under the normal conditions is 
35 substantially a management value for alarm, and combustion vibration can not be detected at an early stage. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide a combustion vibration estimating apparatus in which a 
40 combustion control system can be adjusted easier by estimating combustion vibration generated in a combustor of a 
gas turbine by a mathematical model, generation of the combustion vibration is detected at an early stage during 
driving, breakage of facilities can be avoided, utilization ratio of facilities can be enhanced, and safety can be enhanced. 
It is another object of the invention to provide a plant having such a combustion vibration estimating apparatus. 
[0008] In the combustion vibration estimating apparatus according to one aspect of this invention, a mathematical 
45 model for explaining Internal pressure variation is constructed from plant data and weather data, a combustion vibration- 
prone to be generated region and a combustion vibration -less prone to be generated region are obtained based on 
the constructed mathematical model and are output. 

[0009] According to the above-mentioned aspect, the combustion vibration-prone to be generated region and the 
combustion vibration-less prone to be generated region are obtained based on the mathematical model constructed 

so from the plant data and weather data, and a result thereof is output. 

[0010] The combustion vibration estimating apparatus according to still another aspect of this invention, comprises 
an inputting unit which inputs limiting values of plant data, weather data and internal pressure variation, an internal 
pressure variation characteristic grasping unit which makes internal pressure variation of a combustor into a mathe- 
matical model from the input plant data and weather data, a combustion vibration region estimating unit which applies 

S5 a limiting value of the internal pressure variation to the mathematical model obtained by the internal pressure variation 
characteristic grasping unit to obtain combustion vibration-prone to be generated region, and an outputting unit which 
outputs a combustion vibration region estimation result by the combustion vibration region estimating unit. 
[001 1 ] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
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the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input by the inputting unit, the combustion vibration region estimating unit applies the limiting value of the internal 
pressure variation to the mathematical model to obtain the combustion-prone to be generated region, and the com- 
bustion vibration region estimation result is output from the outputting unit. 

5 [0012] The combustion vibration estimating apparatus according to still another aspect of this invention comprises 
an inputting unit which inputs plant data and weather data, an internal pressure variation estimating unit which estimates 
internal pressure variation of a combustor from the input plant data and weather data, and an outputting unit which 
outputs internal pressure variation estimation result estimated by the internal pressure variation estimating unit. 
[0013] According to the above-mentioned aspect, the internal pressure variation estimating unit estimates the internal 

10 pressure variation of the combustor by the plant data and weather data input by the inputting unit, and the estimated 
internal pressure variation estimation result is output from the outputting unit. 

[0014] In the combustion vibration estimating apparatus according to still another aspect of this invention, a mathe- 
matical model for explaining internal pressure variation and NOx discharge amount is constructed from plant data and 
weather data, a combustion vibration-prone to be generated region and a combustion vibration-less prone to be gen- 
's erated region are obtained based on the constructed mathematical model and are output. 

[0015] According to the above-mentioned aspect, the combustion vibration-less prone to be generated region and 
combustion vibration-prone to be generated region are obtained based on the mathematical model which explains 
internal pressure variation and NOx discharge amount constructed from the plant data and weather data to outputs 
the result. 

20 [0016] The combustion vibration estimating apparatus according to still another aspect of this invention comprises 
an inputting unit which inputs limiting values of plant data, weather data and internal pressure variation, as well as a 
restricting value of NOx, an internal pressure variation characteristic grasping unit which makes internal pressure var- 
iation of a combustor into a mathematical model from the input plant data and weather data, a NOx discharge amount 
characteristic grasping unit which makes an NOx discharge amount into a mathematical model from the input plant 

25 data and weather data, a safe region estimating unit which applies a limiting value of the internal pressure variation to 
the mathematical model obtained by the internal pressure variation characteristic grasping unit, and applies a restricting 
value of the NOx to the mathematical model obtained by the NOx discharge amount characteristic grasping unit, thereby 
obtaining a region where the NOx discharge amount is equal to or less than the restricting value and the combustion 
vibration is less prone to be generated, and an outputting unit which outputs a safe region estimation result by the safe 

30 region estimating unit. 

[0017] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input from the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 
into the mathematical model from the plant data and weather data input by the inputting unit, the safe region estimating 
35 unit applies the limiting value of the internal pressure variation and the restricting value of the NOx to the mathematical 
model to obtain the combustion vibration-less prone to be generated region, and the safe region estimation result is 
output from the outputting unit. 

[0018] In the combustion vibration estimating apparatus according to still another aspect of this invention, a mathe- 
matical model for explaining internal pressure variation, NOx and a CO discharge amount is constructed from plant 

40 data and weather data, a combustion vibration-prone to be generated region and a combustion vibration-less prone 
to be generated region are obtained based on the constructed mathematical model and are output. 
[0019] According to the above-mentioned aspect, the combustion vibration-less prone to be generated region and 
combustion vibration-prone to be generated region are obtained based on the mathematical model which explains the 
internal pressure variation, NOx discharge amount and the CO discharge amount constructed from the plant data and 

^5 weather data, and a result thereof is output. 

[0020] The combustion vibration estimating apparatus according to still another aspect of this invention comprises 
an inputting unit which inputs limiting values of plant data, weather data and internal pressure variation, as well as 
restricting values of NOx and CO, an internal pressure variation characteristic grasping unit which makes internal 
pressure variation of a combustor into a mathematical model from the input plant data and weather data, a NOx dis- 

50 charge amount characteristic grasping unit which makes an NOx discharge amount into a mathematical model from 
the input plant data and weather data, a CO discharge amount characteristic grasping unit which makes an CO dis- 
charge amount into a mathematical model from the input plant data and weather data, a safe region estimating unit 
which applies a limiting value of the internal pressure variation to the mathematical model obtained by the internal 
pressure variation characteristic grasping unit, applies a restricting value of the NOx to the mathematical model obtained 

55 by the NOx discharge amount characteristic grasping unit, and applies a restricting value of the CO to the mathematical 
model obtained by the CO discharge amount characteristic grasping unit, thereby obtaining a region where the NOx 
discharge amount and the CO discharge amount are equal to or less than the restricting value and the combustion 
vibration is less prone to be generated, and an outputting unit which outputs a safe region estimation result by the safe 
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region estimating unit. 

[0021] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input by the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 

5 into the mathematical model from the plant data and weather data input by the inputting unit, the CO discharge amount 
characteristic grasping unit makes the CO discharge amount into the mathematical model from the plant data and 
weather data input by the inputting unit, the safe region estimating unit applies the limiting value of the internal pressure 
variation and the restricting values of NOx and CO to the mathematical model, and the region where the discharge 
amounts of NOx and CO are equal to or less than the restricting value and the combustion vibration is prone to be 

10 generated, and the safe region estimation result is output from the outputting unit. 

[0022] The combustion vibration estimating apparatus according to still another aspect of this invention comprises 
an inputting unit which inputs limiting values of plant data, weather data and internal pressure variation, as well as 
restricting values of NOx and CO, a focus setting unit which selects data used for making a mathematical model from 
the input plant data and weather data, an internal pressure variation characteristic grasping unit which makes internal 

is pressure variation of a combustor into a mathematical model from the selected plant data and weather data, a discharge 
amount characteristic grasping unit which makes NOx and CO discharge amounts into a mathematical model from the 
selected plant data and weather data, a safe region estimating unit which applies a limiting value of the internal pressure 
variation to the mathematical model obtained by the internal pressure variation characteristic grasping unit, applies 
restricting values of the NOx and CO to the mathematical models obtained by the NOx and CO discharge amount 

20 characteristic grasping unit, thereby obtaining a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated, and an 
outputting unit which outputs a safe region estimation result by the safe region estimating unit. 
[0023] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit is input 
by the inputting unit, the internal pressure variation of the combustor is made into the mathematical model from the 

25 plant data and weather data selected by the focus setting unit, the discharge amount characteristic grasping unit makes 
the discharge amounts of NOx and CO into the mathematical model from the plant data and weather data selected by 
the focus setting unit, the safe region estimating unit applies the limiting value of the internal pressure variation and 
restricting values of NOx and CO to the mathematical model, a region where the NOx discharge amount and the CO 
discharge amount are equal to or less than the restricting value and the combustion vibration is less prone to be 

30 generated is obtained, and the safe region estimation result is output from the outputting unit. 

[0024] The combustion vibration estimating apparatus according to still another aspect of this invention comprises 
an inputting unit which inputs limiting values of plant data, weather data and internal pressure variation, as well as 
restricting values of NOx and CO, a focus setting unit which selects data used for making a mathematical model from 
the input plant data and weather data, an internal pressure variation characteristic grasping unit which makes internal 

35 pressure variation of a combustor into a mathematical model from the selected plant data and weather data, a discharge 
amount characteristic grasping unit which makes NOx and CO discharge amounts into a mathematical model from the 
selected plant data and weather data, a safe region estimating unit which applies a limiting value of the internal pressure 
variation to the mathematical model obtained by the internal pressure variation characteristic grasping unit, applies 
restricting values of the NOx and CO to the mathematical models obtained by the NOx and CO discharge amount 

40 characteristic grasping unit, thereby obtaining a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated, a proposed 
adjustment generating unit which obtains a point to be measured next, using a safe region estimation result by the 
safe region estimating unit, and an outputting unit which outputs a safe region estimation result by the safe region 
estimating unit and a point to be measured by the proposed adjustment generating unit. 

45 [0025] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
selected by the focus determining unit, the discharge amount characteristic grasping unit makes the NOx and CO 
discharge amounts into the mathematical model from the plant data and weather data selected by the focus determining 
unit, the safe region estimating unit applies the limiting value of the internal pressure variation and the NOx and CO 

so restricting values to the mathematical model, a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated is obtained, 
and the proposed adjustment generating unit obtains the point to be measured next using the safe region estimation 
result by the safe region estimating unit, and the safe region estimation result by the safe region estimating unit and 
the point to be measured next by the proposed adjustment generating unit are output from the outputting unit. 

55 [0026] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus which constructs a mathematical model which xplains int rnal pressure variation from plant 
data and weather data which are obtained with combustion in the combustor, and obtains and outputs a combustion 
vibration-prone to be generated region and a combustion vibration -less prone to be generated region based on the 
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constructed mathematical model. 

[0027] According to the above-mentioned aspect, the combustion vibration-prone to be generated region and the 
combustion vibration-less prone to be generated region are obtained based on the mathematical model constructed 
from the plant data and weather data, and a result thereof is output. 

5 [0028] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus having an inputting unit which inputs limiting values of plant data, weather data and internal 
pressure variation obtained with combustion in the combustor, an internal pressure variation characteristic grasping 
unit which makes internal pressure variation of a combustor into a mathematical model from the plant data and weather 
data input from the inputting unit, a combustion vibration region estimating unit which applies a limiting value of the 

10 internal pressure variation to the mathematical model obtained by the internal pressure variation characteristic grasping 
unit to obtain combustion vibration-prone to be generated region, and an outputting unit which outputs a combustion 
vibration region estimation result by the combustion vibration region estimating unit. 

[0029] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
15 input by the inputting unit, the combustion vibration region estimating unit applies the limiting value of the internal 
pressure variation to the mathematical model to obtain the combustion-prone to be generated region, and the com- 
bustion vibration region estimation result is- output from the outputting unit. 

[0030] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus having an inputting unit which inputs plant data and weather data obtained with combustion in 

20 the combustor, an internal pressure variation estimating unit which estimates internal pressure variation of the com- 
bustor from the plant data and weather data which are input from the inputting unit, and an outputting unit which outputs 
internal pressure variation estimation result estimated by the internal pressure variation estimating unit. 
[0031] According to the above-mentioned aspect, the internal pressure variation estimating unit estimates the internal 
pressure variation of the combustor by the plant data and weather data input by the inputting unit, and the estimated 

25 internal pressure variation estimation result is output from the outputting unit. 

[0032] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus which constructs a mathematical model which explains internal pressure variation and an NOx 
discharge amount from plant data and weather data which are obtained with combustion in the combustor, and obtains 
and outputs a combustion vibration-prone to be generated region and a combustion vibration-less prone to be gener- 
ic ated region based on the constructed mathematical model. 

[0033] According to the above-mentioned aspect, the combustion vibration-less prone to be generated region and 
combustion vibration-prone to be generated region are obtained based on the mathematical model which explains 
internal pressure variation and NOx discharge amount constructed from the plant data and weather data. 
[0034] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 

35 estimating apparatus having an inputting unit which inputs limiting values of plant data, weather data obtained with 
combustion in the combustor and internal pressure variation, as well as a restricting value of NOx, an internal pressure 
variation characteristic grasping unit which makes internal pressure variation of a combustor into a mathematical model 
from the plant data and weather data input from the inputting unit, a NOx discharge amount characteristic grasping 
unit which makes an NOx discharge amount into a mathematical model from the input plant data and weather data 

40 input from the inputting unit, a safe region estimating unit which applies a limiting value of the internal pressure variation 
to the mathematical model obtained by the internal pressure variation characteristic grasping unit, and applies a re- 
stricting value of the NOx to the mathematical model obtained by the NOx discharge amount characteristic grasping 
unit, thereby obtaining a region where the NOx discharge amount is equal to or less than the restricting value and the 
combustion vibration is less prone to be generated, and an outputting unit which outputs a safe region estimation result 

45 by the safe region estimating unit. 

[0035] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input from the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 
into the mathematical model from the plant data and weather data input by the inputting unit, the safe region estimating 

so unit applies the limiting value of the internal pressure variation and the restricting value of the NOx to the mathematical 
model to obtain the combustion vibration-less prone to be generated region, and the safe region estimation result is 
output from the outputting unit. 

[0036] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus which constructs a mathematical model for explaining internal pressure variation, NOx and a CO 
55 discharge amount from plant data and weather data obtained with combustion in the combustor, a combustion vibration- 
prone to b generated region and a combustion vibration -less prone to b generated region are obtained based on 
the constructed mathematical model and are output. 

[0037] According to the above-mentioned aspect, the combustion vibration-less prone to be generated region and 
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combustion vibration-prone to be generated region are obtained based on th mathematical model which explains the 
internal pressure variation, NOx discharge amount and the CO discharge amount constructed from the plant data and 
weather data, and a result thereof is output. 

[0038] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
5 estimating apparatus having an inputting unit which inputs limiting values of plant data, weather data obtained with 
combustion in the combustor and internal pressure variation, as well as restricting values of NOx and CO, an internal 
pressure variation characteristic grasping unit which makes internal pressure variation of a combustor into a mathe- 
matical model from the plant data and weather data input by the inputting unit, a NOx discharge amount characteristic 
grasping unit which makes an NOx discharge amount into a mathematical model from the plant data and weather data 
10 input by the inputting unit, a CO discharge amount characteristic grasping unit which makes an CO discharge amount 
into a mathematical model from the plant data and weather data input by the inputting unit, a safe region estimating 
unit which applies a limiting value of the internal pressure variation to the mathematical model obtained by the internal 
pressure variation characteristic grasping unit, applies a restricting value of the NOx to the mathematical model obtained 
by the NOx discharge amount characteristic grasping unit, and applies a restricting value of the CO to the mathematical 
15 model obtained by the CO discharge amount characteristic grasping unit, thereby obtaining a region where the NOx 
discharge amount and the CO discharge amount are equal to or less than the restricting value and the combustion 
vibration is less prone to be generated, and an outputting unit which outputs a safe region estimation result by the safe 
region estimating unit. 

[0039] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
20 the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input by the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 
into the mathematical model from the plant data and weather data input by the inputting unit, the CO discharge amount 
characteristic grasping unit makes the CO discharge amount into the mathematical model from the plant data and 
weather data input by the inputting unit, the safe region estimating unit applies the limiting value of the internal pressure 
25 variation and the restricting values of NOx and CO to the mathematical model, and the region where the discharge 
amounts of NOx and CO are equal to or less than the restricting value and the combustion vibration is prone to be 
generated, and the safe region estimation result is output from the outputting unit. 

[0040] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus having inputting unit which inputs limiting values of plant data, weather data obtained with corn- 
so bustion in the combustor and internal pressure variation, as well as restricting values of NOx and CO, a focus setting 
unit which selects data used for making a mathematical model from the plant data and weather data input by the 
inputting unit, an internal pressure variation characteristic grasping unit which makes internal pressure variation of a 
combustor into a mathematical model from the plant data and weather data selected by the focus setting unit, a dis- 
charge amount characteristic grasping unit which makes NOx and CO discharge amounts into a mathematical model 
35 from the plant data and weather data selected by the focus setting unit, a safe region estimating unit which applies a 
limiting value of the internal pressure variation to the mathematical model obtained by the internal pressure variation 
characteristic grasping unit, applies restricting values of the NOx and CO to the mathematical models obtained by the 
NOx and CO discharge amount characteristic grasping unit, thereby obtaining a region where the NOx discharge 
amount and the CO discharge amount are equal to or less than the restricting value and the combustion vibration is 
40 less prone to be generated, and an outputting unit which outputs a safe region estimation result by the safe region 
estimating unit. 

[0041] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit is input 
by the inputting unit, the internal pressure variation of the combustor is made into the mathematical model from the 
plant data and weather data selected by the focus setting unit, the discharge amount characteristic grasping unit makes 

^5 the discharge amounts of NOx and CO into the mathematical model from the plant data and weather data selected by 
the focus setting unit, the safe region estimating unit applies the limiting value of the internal pressure variation and 
restricting values of NOx and CO to the mathematical model, a region where the NOx discharge amount and the CO 
discharge amount are equal to or less than the restricting value and the combustion vibration is less prone to be 
generated is obtained, and the safe region estimation result is output from the outputting unit. 

so [0042] The plant according to still another aspect of this invention comprises a combustor, and a combustion vibration 
estimating apparatus having an inputting unit which inputs limiting values of plant data, weather data obtained with 
combustion in the combustor and internal pressure variation, as well as restricting values of NOx and CO, a focus 
setting unit which selects data used for making a mathematical model from the plant data and weather data input by 
the inputting unit, an internal pressure variation characteristic grasping unit which makes internal pressure variation of 

55 a combustor into a mathematical model from the plant data and weather data selected by the focus setting unit, a 
discharge amount characteristic grasping unit which makes NOx and CO discharge amounts into a mathematical model 
from the plant data and weather data selected by the focus setting unit, a safe region estimating unit which applies a 
limiting value of the internal pressure variation to the mathematical model obtained by the internal pressure variation 
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characteristic grasping unit, applies restricting values of the NOx and CO to the mathematical models obtained by the 
NOx and CO discharge amount characteristic grasping unit, thereby obtaining a region where the NOx discharge 
amount and the CO discharge amount are qual to or less than the restricting value and the combustion vibration is 
less prone to be generated, a proposed adjustment generating unit which obtains a point to be measured next, using 
s a safe region estimation result by the safe region estimating unit, and an outputting unit which outputs a safe region 
estimation result by the safe region estimating unit and a point to be measured by the proposed adjustment generating 
unit. 

[0043] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 

10 selected by the focus determining unit, the discharge amount characteristic grasping unit makes the NOx and CO 
discharge amounts into the mathematical model from the plant data and weather data selected by the focus determining 
unit, the safe region estimating unit applies the limiting value of the internal pressure variation and the NOx and CO 
restricting values to the mathematical model, a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated is obtained, 

15 and the proposed adjustment generating unit obtains the point to be measured next using the safe region estimation 
result by the safe region estimating unit, and the safe region estimation result by the safe region estimating unit and 
the point to be measured next by the proposed adjustment generating unit are output from the outputting unit. 
[0044] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 

20 compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, amain 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus which constructs a mathematical 

25 model which explains internal pressure variation from plant data and weather data which are obtained with combustion 
in the combustor, and obtains and outputs a combustion vibration-prone to be generated region and a combustion 
vibration-less prone to be generated region based on the constructed mathematical model. 

[0045] According to the above-mentioned aspect, the combustion vibration -prone to be generated region and the 
combustion vibration-less prone to be generated region are obtained based on the mathematical model constructed 

30 from the plant data and weather data, and a result thereof is output. 

[0046] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, amain 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 

35 combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 
limiting values of plant data, weather data and internal pressure variation obtained with combustion in the combustor, 
an internal pressure variation characteristic grasping unit which makes internal pressure variation of a combustor into 

40 a mathematical model from the plant data and weather data input from the inputting unit, a combustion vibration region 
estimating unit which applies a limiting value of the internal pressure variation to the mathematical model obtained by 
the internal pressure variation characteristic grasping unit to obtain combustion vibration-prone to be generated region, 
and an outputting unit which outputs a combustion vibration region estimation result by the combustion vibration region 
estimating unit. 

45 [0047] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input by the inputting unit, the combustion vibration region estimating unit applies the limiting value of the internal 
pressure variation to the mathematical model to obtain the combustion-prone to be generated region, and the com- 
bustion vibration region estimation result is output from the outputting unit. 

50 [0048] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 

55 flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 
plant data and weather data obtained with combustion in the combustor, an internal pressure variation estimating unit 
which estimates internal pressure variation of the combustor from the plant data and weather data which are input from 
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the inputting unit, and an outputting unit which outputs internal pressure variation estimation result estimated by the 
internal pressure variation estimating unit. 

[0049] According to the above-mentioned aspect, the internal pressure variation estimating unit estimates the internal 
pressure variation of the combustor by the plant data and weather data input by the inputting unit, and the estimated 

5 internal pressure variation estimation result is output from the outputting unit. 

[0050] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, amain 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 

10 combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus which constructs a mathematical 
model which explains internal pressure variation and an NOx discharge amount from plant data and weather data 
which are obtained with combustion in the combustor, and obtains and outputs a combustion vibration-prone to be 

15 generated region and a combustion vibration-less prone to be generated region based on the constructed mathematical 
model. 

[0051] According to the above-mentioned aspect, the combustion vibration- less prone to be generated region and 
combustion vibration-prone to be generated region are obtained based on the mathematical model which explains 
internal pressure variation and NOx discharge amount constructed from the plant data and weather data. 

20 [0052] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 

25 flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 
limiting values of plant data, weather data obtained with combustion in the combustor and internal pressure variation, 
as well as a restricting value of NOx, an internal pressure variation characteristic grasping unit which makes internal 
pressure variation of a combustor into a mathematical model from the plant data and weather data input from the 

30 inputting unit, a NOx discharge amount characteristic grasping unit which makes an NOx discharge amount into a 
mathematical model from the input plant data and weather data input from the inputting unit, a safe region estimating 
unit which applies a limiting value of the internal pressure variation to the mathematical model obtained by the internal 
pressure variation characteristic grasping unit, and applies a restricting value of the NOx to the mathematical model 
obtained by the NOx discharge amount characteristic grasping unit, thereby obtaining a region where the NOx discharge 

35 amount is equal to or less than the restricting value and the combustion vibration is less prone to be generated, and 
an outputting unit which outputs a safe region estimation result by the safe region estimating unit. 
[0053] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input from the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 

40 into the mathematical model from the plant data and weather data input by the inputting unit, the safe region estimating 
unit applies the limiting value of the internal pressure variation and the restricting value of the NOx to the mathematical 
model to obtain the combustion vibration-less prone to be generated region, and the safe region estimation result is 
output from the outputting unit. 

[0054] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
45 combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
50 without through the combustor, and a combustion vibration estimating apparatus which constructs a mathematical 
model for explaining internal pressure variation, NOx and a CO discharge amount from plant data and weather data 
obtained with combustion in the combustor, a combustion vibration-prone to be generated region and a combustion 
vibration-less prone to be generated region are obtained based on the constructed mathematical model and are output. 
[0055] According to the above-mentioned aspect, the combustion vibration-less prone to be generated region and 
55 combustion vibration-prone to be generated region are obtained based on the mathematical model which explains the 
internal pressure variation , NOx discharge amount and the CO discharge amount constructed from the plant data and 
weather data, and a result thereof is output. 

[0056] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
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combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 

s flame, and a combustor bypass valve for supplying, to th turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 
limiting values of plant data, weather data obtained with combustion in the combustor and internal pressure variation, 
as well as restricting values of NOx and CO, an internal pressure variation characteristic grasping unit whichmakes 
internal pressure variation of a combustor into a mathematical model from the plant data and weather data input by 

10 the inputting unit, a NOx discharge amount characteristic grasping unit which makes an NOx discharge amount into a 
mathematical model from the plant data and weather data input by the inputting unit, a CO discharge amount charac- 
teristic grasping unit which makes an CO discharge amount into a mathematical model from the plant data and weather 
data input by the inputting unit, a safe region estimating unit which applies a limiting value of the internal pressure 
variation to the mathematical model obtained by the internal pressure variation characteristic grasping unit, applies a 

15 restricting value of the NOx to the mathematical model obtained by the NOx discharge amount characteristic grasping 
unit, and applies a restricting value of the CO to the mathematical model obtained by the CO discharge amount char- 
acteristic grasping unit, thereby obtaining a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated, and an 
outputting unit which outputs a safe region estimation result by the safe region estimating unit. 

20 [0057] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
the internal pressure variation of the combustor into the mathematical model from the plant data and weather data 
input by the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge amount 
into the mathematical model from the plant data and weather data input by the inputting unit, the CO discharge amount 
characteristic grasping unit makes the CO discharge amount into the mathematical model from the plant data and 

25 weather data input by the inputting unit, the safe region estimating unit applies the limiting value of the internal pressure 
variation and the restricting values of NOx and CO to the mathematical model, and the region where the discharge 
amounts of NOx and CO are equal to or less than the restricting value and the combustion vibration is prone to be 
generated, and the safe region estimation result is output from the outputting unit. 

[0058] The gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 

30 combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
fuel flow rate control valve for controlling a main flame fuel supply amount which is main flame of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 

35 without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 
limiting values of plant data, weather data obtained with combustion in the combustor and internal pressure variation, 
as well as restricting values of NOx and CO, a focus setting unit which selects data used for making a mathematical 
model from the plant data and weather data input by the inputting unit, an internal pressure variation characteristic 
grasping unit which makes internal pressure variation of a combustor into a mathematical model from the plant data 

40 and weather data selected by the focus setting unit, a discharge amount characteristic grasping unit which makes NOx 
and CO discharge amounts into a mathematical model from the plant data and weather data selected by the focus 
setting unit, a safe region estimating unit which applies a limiting value of the internal pressure variation to the math- 
ematical model obtained by the internal pressure variation characteristic grasping unit, applies restricting values of the 
NOx and CO to the mathematical models obtained by the NOx and CO discharge amount characteristic grasping unit, 

45 thereby obtaining a region where the NOx discharge amount and the CO discharge amount are equal to or less than 
the restricting value and the combustion vibration is less prone to be generated, and an outputting unit which outputs 
a safe region estimation result by the safe region estimating unit. 

[0059] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit is input 
by the inputting unit, the internal pressure variation of the combustor is made into the mathematical model from the 

so plant data and weather data selected by the focus setting unit, the discharge amount characteristic grasping unit makes 
the discharge amounts of NOx and CO into the mathematical model from the plant data and weather data selected by 
the focus setting unit, the safe region estimating unit applies the limiting value of the internal pressure variation and 
restricting values of NOx and CO to the mathematical model, a region where the NOx discharge amount and the CO 
discharge amount are equal to or less than the restricting value and the combustion vibration is less prone to be 

55 generated is obtained, and the safe region estimation result is output from the outputting unit. 

[0060] Th gas turbine plant according to still another aspect of this invention comprises a gas turbine having a 
combustor, a compressor for supplying compressed air to the combustor, an inlet guide blade for supplying air to the 
compressor, a turbine which is connected to the compressor and is rotated by emission gas of the combustor, a main 
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fuel flow rate control valve for controlling a main flame fuel supply amount which is main flam of combustion in the 
combustor, a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main 
flame, and a combustor bypass valve for supplying, to the turbine, the compressed air supplied from the compressor 
without through the combustor, and a combustion vibration estimating apparatus having an inputting unit which inputs 

5 limiting values of plant data, weather data obtained with combustion in the combustor and internal pressure variation, 
as well as restricting values of NOx and CO, a focus setting unit which selects data used for making a mathematical 
model from the plant data and weather data input by the inputting unit, an internal pressure variation characteristic 
grasping unit which makes internal pressure variation of a combustor into a mathematical model from the plant data 
and weather data selected by the focus setting unit, a discharge amount characteristic grasping unit which makes NOx 

10 and CO discharge amounts into a mathematical model from the plant data and weather data selected by the focus 
setting unit, a safe region estimating unit which applies a limiting value of the internal pressure variation to the math- 
ematical model obtained by the internal pressure variation characteristic grasping unit, applies restricting values of the 
NOx and CO to the mathematical models obtained by the NOx and CO discharge amount characteristic grasping unit, 
thereby obtaining a region where the NOx discharge amount and the CO discharge amount are equal to or less than 

15 the restricting value and the combustion vibration is less prone to be generated, a proposed adjustment generating 
unit which obtains a point to be measured next, using a safe region estimation result by the safe region estimating unit, 
and an outputting unit which outputs a safe region estimation result by the safe region estimating unit and a point to 
be measured by the proposed adjustment generating unit. 

[0061] According to the above-mentioned aspect, the internal pressure variation characteristic grasping unit makes 
20 the internal pressure variation of the combustor into the mathematical model from the pwd selected by the focus de- 
termining unit, the discharge amount characteristic grasping unit makes the NOx and CO discharge amounts into the 
mathematical model from the plant data and weather data selected by the focus determining unit, the safe region 
estimating unit applies the limiting value of the internal pressure variation and the NOx and CO restricting values to 
the mathematical model, a region where the NOx discharge amount and the CO discharge amount are equal to or less 
25 than the restricting value and the combustion vibration is less prone to be generated is obtained, and the proposed 
adjustment generating unit obtains the point to be measured next using the safe region estimation result by the safe 
region estimating unit, and the safe region estimation result by the safe region estimating unit and the point to be 
measured next by the proposed adjustment generating unit are output from the outputting unit. 
[0062] Other objects and features of this invention will become apparent from the following description with reference 
30 to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] 

35 

Fig. 1 is a block diagram of a combustion vibration estimating apparatus according to a first embodiment of the 
present invention, 

Fig. 2 is a principle view of an estimation method of a combustion vibration region according to the first embodiment 
of the invention, 

40 Fig. 3 is a graph showing an example of output of the combustion vibration region in the combustion vibration 

estimating apparatus according to the first embodiment of the invention, 

Fig. 4 is a block diagram of the combustion vibration estimating apparatus according to a second embodiment of 
the invention, 

Fig. 5 is a graph showing an example of output of the combustion vibration region in the combustion vibration 
45 estimating apparatus according to the second embodiment of the invention, 

Fig. 6 is a block diagram of the combustion vibration estimating apparatus according to a third embodiment of the 
invention, 

Fig. 7 is a principle view of an estimation method of a safe region in the combustion vibration region according to 
the third embodiment of the invention, 
50 Fig. 8 is a principle view of an estimation method of the safe region in the combustion vibration estimating apparatus 

according to the third embodiment of the invention, 

Fig. 9 is a principle view of an estimation method of an NOx restriction level in the combustion vibration estimating 
apparatus according to the third embodiment of the invention, 

Fig. 1 0 is a graph showing an example of output of the safe region in the combustion vibration estimating apparatus 
55 according to the third embodiment of the invention, 

Fig. 1 1 is a block diagram schematically showing one example of a structure of a gas turbin system to which the 
invention can be applied, 

Fig. 12 is a graph showing a concrete application example of the combustion vibration estimating apparatus ac- 



10 



EP 1 229 226 A2 



cording to the third embodiment of the invention, 

Fig. 13 is a block diagram of the combustion vibration estimating apparatus according to a forth embodiment of 
the present invention, 

Fig. 1 4 is a graph showing an example of output of the safe region in the combustion vibration estimating apparatus 
5 according to the forth embodiment of the invention, 

Fig. 15 is a block diagram of the combustion vibration estimating apparatus according to a fifth embodiment of the 
invention, 

Fig. 1 6 is a graph showing an example of output of the safe region in the combustion vibration estimating apparatus 
according to the fifth embodiment of the invention, 
io Fig. 17 is a block diagram of the combustion vibration estimating apparatus according to a sixth embodiment of 

the invention, 

Fig. 1 8 is a graph showing an example of output of the safe region in the combustion vibration estimating apparatus 
according to the sixth embodiment of the invention, and 
Fig. 19 is a block diagram showing prior art. 

15 

DETAILED DESCRIPTION 

[0064] Embodiments of an optical amplifier apparatus according to the present invention will be explained in detail 
below with reference to the attached drawings. 

20 [0065] Fig. 1 shows a structure of a first embodiment of a combustion vibration estimating apparatus of the present 
invention. In Fig. 1, a symbol 10 represents the entire combustion vibration estimating apparatus. The combustion 
vibration estimating apparatus 1 0 comprises a internal pressure variation characteristic grasping unit 1 for making an 
internal pressure variation of a combustor into a mathematical model, a combustion vibration region estimating unit 2 
for obtaining combustion vibration -prone to be generated region, a database 3 in which plant data and weather data 

25 are stored in a time series, inputting unit 4 for inputting the plant data, the weather data and a limiting value and the 
like of internal pressure variation, and outputting unit 5 which outputs a combustion vibration region estimation result. 
A plant 30 of to-be estimated combustion vibration is connected to the inputting unit 4. 

[0066] The internal pressure variation characteristic grasping unit 1 constructs a mathematical model which explains 
the internal pressure variation using data stored in the database 3. For example, if the number of combustors is defined 
30 as n 1 and the number of frequency bands is defined as n 2> the internal pressure variation is made into a mathematical 
model with a multi-regression model. 

^ji =a ij.0 +a ij.1 X Xl1 +a ij.2 X *12 +a ij.3 X *21 +a g.4 X *22 ("0 

35 

[0067] In equation (1), 

Yj,: internal pressure variation value of a j-th frequency band of a first i combustor(i=1 , .... n v j=1 , n 2 ) 
X t1 : value of manipulated variable 1 
40 X 12 : value of manipulated variable 2 

X 21 : value of quantity of non-manipulatable state 1 
X22: value of quantity of non-manipulatable state 2 
a ij.o» a ij.i' a e.2' a ij.3' a ij.4 : coefficient parameter 

45 [0068] The internal pressure variation characteristic grasping unit 1 obtains coefficient parameters ay 0,^.1 ^.2^.3^ 
ay 4 of the equation (1) using internal pressure variation values, manipulated variables, quantity of non-manipulatable 
states organized and stored at time periods in the database 3, and sends these parameters to the combustion vibration 
region estimating unit 2. As a solution of the coefficient parameters, a method of least squares is used for example. 
[0069] The term "internal pressure variation value" is explained below. Data obtained from a pressure sensor (internal 

50 pressure sensor) 31 disposed in the plant 30 is A/D converted, a result of frequency analysis of the converted value 
is divided into n 2 -number of frequency bands, and a maximum amplitude value for a certain time period in each fre- 
quency band is the internal pressure variation value. For the sake of explanation, a model formula is described based 
on that the number of manipulated variables is two and the quantity of non-manipulatable states is two, but the number 
is not limited to two. 

55 [0070] The combustion vibration region estimating unit 2 obtains combustion vibration-prone to be generated region 
using the mathematical model obtained by the internal pressure variation characteristic grasping unit 1 . 
[0071] For example, internal pressure variation estimated value Y'y of a j-th frequency band of an i-th combustor of 
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when a manipulated variable 1 , a manipulated variable 2, quantity of non-manipulatable state 1 and quantity of non- 
manipulatable state 2 are X'^, X' 12> X' 21> X'22, respectively, is obtained by the following equation (2): 

^ , g~ a IJ.0 +a Q.1 X X 1 1 +a iJ.2 X X * 12 +a Q.3 X X 21 +a ij.4 X X 22 (?) 

[0072] In equation (2), a^ 0 , a| j2 , a^, a,j 4 are coefficient parameters sent from the internal pressure variation 
characteristic grasping unit 1 . 

[0073] A limiting value is provided in an internal pressure variation of the f-th frequency band of the i-th combustor 
for a structural reason of the combustor or peripheral equipment. If the limiting value of internal pressure variation of 
the f-th frequency band of the i-th combustor sent from the inputting unit 4 is defined as Zg, this means that there exist 
X 'n. x 'i2» X 21» x 22 wnicn satisfied the following equation: 

^ij =a i|.0 +a ij.1 xX, 11 +a g2 XX, 12 +a iJ.3 XX '21 +a l)4 XX, 22 @) 

[0074] If values of the quantity of non-manipulatable state 1 and quantity of non-manipulatable state 2 are input in 
the inputting unit 4, and if these input values are sent to the combustion vibration region estimating unit 2, every value 
in the equation (3) except X'^ and X' 12 is a constant, and it is easy to obtain the (X' in and X' 12 ) which satisfy the 
equation (3). If the (X'^ and X' 12 ) are obtained from gain which is ak(k=1 , .... n 3 ) sent from the inputting unit 4 using 
the following equation, 113 number of lines can be obtained in each frequency band of each combustor: 

CtkXZg = &jjo +a ij.1 XX, 11 +a tj.2 XX, 12 +a |.3 XX 21 +a i}4 XX, 22 W 

Fig. 2 shows this. If the coefficient parameter ay 2 is positive, an upper side of the straight line is a combustion vibration- 
prone to be generated region and a lower side is a combustion vibration-less prone to be generated region. If the 
coefficient parameter ag 2 is negative on the contrary, the lower side of the straight line is the combustion vibration- 
prone to be generated region, and the upper side is the combustion vibration -less prone to be generated region. 
[0075] The combustion vibration region estimating unit 2 obtains the above-described straight lines for full frequency 
bands of all the combustors from limiting values Zy (i=1 , n 1t j=1 , .... n 2 ), gainak(k=1 , n 3 ) and values of variables 
except of the j-th frequency band of the i-th combustor sent from the inputting unit 4, and from coefficient parameter 
^j.O'^j.i > a ij 2> a ij 3> a ij 4 ('-1 > n l» j=1 - n 2) sent ^ rom tne internal pressure variation characteristic grasping unit 1 , and 
finally obtains combustion vibration-prone to be generated region and combustion vibration-less prone to be generated 
region based on the procedure of linear programming, and sends the same to the outputting unit 5. 
[0076] In the database 3, the internal pressure variation values, manipulated variables, quantity of non-manipulatable 
state are organized and stored in the time series at time periods, and if the data is sent from the inputting unit 4, the 
data is additionally stored in the database 3. 

[0077] The inputting unit 4 receives the plant data and weather data sent from the plant 30 outside the combustion 
vibration estimating apparatus 10 to output to the database 3. The plant data and weather data include the internal 
pressure variation values, manipulated variables and quantity of non-manipulatable state . The limiting values Zg 

(i=1 n 1 , j=1 , .... n 2 ), gainak(k=1 , .... n 3 ) and values of variables except of the j-th frequency band of the i-th combustor 

are sent from a device such as a keyboard or touch screen provided in the inputting unit 4 to the combustion vibration 
region estimating unit 2. 

[0078] The outputting unit 5 outputs an estimation result sent from the combustion vibration region estimating unit 
2. Fig. 3 shows an example of output in which a combustion vibration region is output. In Fig. 3, the horizontal axis is 
X^ and the vertical axis is X 12 . In this example, the combustion vibration regions are shown like contour lines per each 
gain ctk. A central portion is the combustion vibration-less prone to be generated region and outer portion is combustion 
vibration-prone to be generated region. The region is output to a display device such as a CRT or a printer provided 
in the outputting unit. 

[0079] As explained above, according to this combustion vibration estimating apparatus 10, combustion vibration 
generated in a combustor of a gas turbine is estimated by the mathematical model, and based on this, the combustion 
control system can easily be controlled, the breakage of facilities can be avoided, the utilization ratio of facilities can 
be enhanced, and safety can also be enhanced. 

[0080] Although the plant data and weather data are input from the plant 30 in the above embodiment, the data may 
be input directly manually from a keyboard provided in the inputting unit 4. The model structure is described as being 
one liner order, but it may be a higher-order model of two orders or more. The model formula is described as being 
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formula using manipulated variable or quantity of non-manipulatable state input from the plant 30, but a value converted 
based on physical characteristics may be used. 

[0081] Fig. 4 shows a structure of a second embodiment of the combustion vibration estimating apparatus of the 
present invention. In Fig. 4, a symbol 20 represents the entire combustion vibration estimating apparatus. The com- 

s bustion vibration estimating apparatus 20 comprises an internal pressure variation estimating unit 1 2 for estimating an 
internal pressure variation of a combustor, a database 1 3 for storing plant data and weather data in time series, inputting 
unit 14 for inputting the plant data and weather data, and an outputting unit 15 for outputting an internal pressure 
variation estimation result. A plant 30 whose combustion vibration is to be estimated is connected to the inputting u nit 1 4. 
[0082] The internal pressure variation estimating unit 12 estimates a value of an internal pressure variation using 

10 the latest internal pressure variation value, manipulated variable and quantity of non-manipulatable state stored in the 
database 1 3, and sends the internal pressure variation estimated value to the database 1 3. For example, if the number 
of combustor is n 1 and the number of frequency bands is n 2 , the internal pressure variation estimated value is estimated 
with the multi-regression model: 



15 



20 
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45 



Y V a ij.0 +a ij.1 X X 1 1 +a g5 X X 12 +a ij.3 X *21 +a i].4 X X 22 ( 5 ) 

[0083] In equation (5), 

Yj,: internal pressure variation value of a j-th frequency band of a first i combustor(i=1 , n iP j=1 n 2 ) 

X 11 : value of manipulated variable 1 

X 12 : value of manipulated variable 2 

X 21 : value of quantity of non-manipulatable state 1 

X22' value of quantity of non-manipulatable state 2 

a ij.o. a ij.i. a i.2» a ij.3» a ij.4 : coefficient parameter 



[0084] The coefficient parameter has previously been obtained by analysis, and stored in the internal pressure var- 
iation estimating unit 12. The term "internal pressure variation value" is explained below. Data obtained from a pressure 
sensor (internal pressure sensor) 31 disposed in the plant 30 is A/D converted, a result of frequency analysis of the 
30 converted value is divided into n 2 -number of frequency bands, and a maximum amplitude value for a certain time period 
in each frequency band is the internal pressure variation value. 

[0085] For the sake of explanation, a model formula is described based on that the number of manipulated variables 
is two and the quantity of non-manipulatable states is two, but the number is not limited to two. The model structure is 
described as being one liner order, but it may be a higher-order model of two orders or more or may be non-liner model 

35 such as neutral network. The model formula is described as being formula using manipulated variable or quantity of 
non-manipulatable state input from the plant 30, but a value converted based on law of mass balance may be used. 
[0086] In the database 1 3, the internal pressure variation values, manipulated variables, quantity of non-manipulat- 
able state are organized and stored in the time series at time periods, and if the data is sent from the inputting unit 1 4 
or the internal pressure variation estimating unit 12, the data is additionally stored in the database 13. 

40 [0087] The inputting unit 1 4 receives the plant data and weather data sent from the plant 30 outside the combustion 
vibration estimating apparatus 20. The plant data and weather data include the internal pressure variation values, 
manipulated variables and quantity of non-manipulatable state. 

[0088] The outputting unit 15 outputs data stored in the database 13. Fig. 5 shows an example in which an actually 
measured value Yj, and its estimated value Y"y of an internal pressure variation of the j-th frequency band of the i-th 
combustor. In Fig. 5, the horizontal axis shows time and the vertical axis shows the internal pressure variation Yg. The 
value is output to a display device such as a CRT or a printer provided in the outputting unit. 
[0089] As described above, according to this embodiment, the estimated value and the actually measured value of 
the internal pressure variation can be output at the same time, it is possible to judge whether the internal pressure 
variation of the gas turbine combustor is at a level as planned, generation of the combustion vibration can be detected 
50 at an early stage, the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety 
can also be enhanced. 

[0090] Fig. 6 shows a structure of a third embodiment of the combustion vibration estimating apparatus of the present 
invention. In Fig. 6, a symbol 40 represents the entire combustion vibration estimating apparatus. The combustion 
vibration estimating apparatus 40 comprises an internal pressure variation characteristic grasping unit 41 for making 
55 an internal pressure variation of a combustor into a mathematical model, a safe region estimating unit 42 for obtaining 
a region where an NOx discharge amount is equal to or less than a restricting value and combustion vibration is less 
prone to be generated, a database 43 for storing plant data and weather data in a time series, inputting unit 44 for 
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inputting a limiting value of the plant data, the weather data and the internal pressure variation and a restricting value 
of NOx, outputting unit 45 for outputting a safe region estimation result, and a NOx discharge amount characteristic 
grasping unit 46 for making the NOx discharge amount into a mathematical model. A plant 50 of a to-be estimated 
combustion vibration is connected to the inputting unit 44. A symbol 49 represents a connection portion for connecting 

5 the above means to each other (in other drawings also) . 

[0091] The internal pressure variation characteristic grasping unit 41 constructs a mathematical model which explains 
the internal pressure variation using data stored in the database 43. For example, if the number of combustor is n 1 
and the number of frequency bands is n 2 , the internal pressure variation estimated value is made into the multi-regres- 
sion model as shown in the equation (1 ). 

w [0092] The internal pressure variation characteristic grasping unit 41 obtains coefficient parameters ^.0.^.1.^.2- 
a,-j 3,^ 4 of the equation (1 ) using internal pressure variation values, manipulated variables, quantity of non-manipulat- 
able states organized and stored at time periods in the database 43, and sends these parameters to the safe region 
estimating unit 42. As a solution of the coefficient parameters, a method of least squares is used for example. 
[0093] The term "internal pressure variation value" is explained below. Data obtained from a pressure sensor (internal 

15 pressure sensor) disposed in the plant 50 is A/D converted, a result of frequency analysis of the converted value is 
divided into n 2 -number of frequency bands, and a maximum amplitude value for a certain time period in each frequency 
band is the internal pressure variation value. For the sake of explanation, a model formula is described based on that 
the number of manipulated variables is two and the quantity of non-manipulatable states is two, but the number is not 
limited to two. 

20 [0094] The NOx discharge amount characteristic grasping unit 46 constructs a mathematical model which explains 
NOx discharge amount using data stored in the database 43. For example, the NOx discharge amount is made into a 
mathematical model with a multi-regression model shown in the following equation (6): 



25 E=b 0 +b 1 X X 1 1 +b 2 x X 12 +b 3 x X 21 +b 4 X X^ (6) 

[0095] In equation (6), 

E: NOx discharge amount 
30 X t1 : value of manipulated variable 1 

X 12 : value of manipulated variable 2 
X 21 : value of quantity of non-manipulatable state 1 
X^: value of quantity of non-manipulatable state 2 
b 0 , b 1f b 2 , b 3 , b 4 : coefficient parameter 

35 

[0096] The NOx discharge amount characteristic grasping unit 46 obtains the coefficient parameters b 0 , b 1t b 2 , b 3 , 
b 4 of the equation (6) using the NOx discharge amount, the manipulated variable, non-manipulatable states organized 
and stored at time periods in the database 43, and sends the same to the safe region estimating unit 42. As a solution 
of the coefficient parameters, a method of least squares is used for example. 

40 [0097] For the sake of explanation, a model formula is described based on that the number of manipulated variables 
is two and the quantity of non-manipulatable states is two, but the number is not limited to two. 
[0098] The safe region estimating unit 42 obtains a region where an NOx discharge amount is equal to or less than 
a restricting value and combustion vibration is less prone to be generated, using the mathematical models obtained 
by the internal pressure variation characteristic grasping unit 41 and the NOx discharge amount characteristic grasping 

45 unit 46. 

[0099] For example, the estimated value Vg of an internal pressure variation of the j-th frequency band of the i-th 
combustor when the manipulated variable 1 , the manipulated variable 2, the quantity of non-manipulatable state 1 and 
the quantity of non-manipulatable state 2 are X'^, X' 12 , X' 21 and X'^, respectively, is obtained by the equation (2). At 
that time, the a|^o» a g.i- a ij^- a ij.3- a 8.4 are coefficient parameters sent from the internal pressure variation characteristic 
50 grasping unit 41. 

[0100] In the internal pressure variation of the j-th frequency band of the i-th combustor, a limiting value is provided 
for a structural reason of the combustor or peripheral equipment. If the limiting value of internal pressure variation of 
the f-th frequency band of the i-th combustor sent from the inputting unit 44 is defined as Z g , this means that there exist 
x 'u. x 'i2» X 21 . x 22 w* 1 ^ satisfied the equation (3). 
55 [01 01] If values of the quantity of non-manipulatable state 1 and the quantity of non-manipulatable state 2 are input 
in the inputting unit 44 and these input values are sent to the safe region estimating unit 42, every value in the equation 
(3) except X'^ and X' 12 is a constant, and it is easy to obtain the (X 1 ^ and X' 12 ) which satisfy the equation (3). If the 



14 



EP1 229226 A2 

(X' 11t X' 12 ) are obtained from the equation (4) using the gain which is gainak(k=1 , .... n 3 ) sent from the inputting unit 
44, n-number of lines can be obtained in every frequency band. Fig. 7 shows this. If the coefficient parameter a^ is 
positive, an upper side of the straight line is a combustion vibration-prone to be generated region and a lower side is 
a combustion vibration-less prone to be generated region. If the coefficient parameter a^ is negative on the contrary, 
5 the lower side of the straight line is the combustion vibration-prone to be generated region, and the upper side is the 
combustion vibration-less prone to be generated region. 

[0102] The safe region estimating unit 42 obtains the above-described straight lines for full frequency bands of all 
the combustors from limiting values Zg (i=1 f .... n 1r j=1, .... n 2 ), gaincck(k=1, n 3 ) and values of variables except of 
the j-th frequency band of the i-th combustor sent from the inputting unit 44, and from coefficient parameter ag 0> ajj 1f 
io ajj£,a,j 3 ,ag 4 (i=1 , n 1t j=1 , .... n 2 ) sent from the internal pressure variation characteristic grasping unit 41 , and finally 
obtains combustion vibration-prone to be generated region and combustion vibration-less prone to be generated region 
based on the procedure of linear programming. Fig. 8 shows this. 

[0103] Further, the safe region estimating unit 42 obtains an N Ox-less-prone to be generated region and an NOx- 
prone to be generated region from the coefficient parameters b 0 , b1 , b 2 , b 3 , b 4 sent from the NOx discharge amount 

is characteristic grasping unit 46 and a restricting value F, a gain pk (k=1, n 3 ) and variables except particular two 
variables. Fig. 9 shows this. Here, if the coefficient parameter b 2 is positive, an upper side of the straight line is a NOx- 
prone to be generated region and a lower side is a NOx-less prone to be generated region. If the coefficient parameter 
b 2 is negative on the contrary, the lower side of the straight line is the NOx-prone to be generated region, and the upper 
side is the NOx-less prone to be generated region. 

20 [0104] The safe region estimating unit 42 obtains and transmits to the outputting unit 45 a region where the NOx 
discharge amount is equal to or less than the restricting value and the combustion vibration is less prone to be generated 
based on procedure of linear programming, for the combustion vibration-less prone to be generated region, the com- 
bustion vibration-prone to be generated region, the NOx-prone to be generated region and the N Ox-less-prone to be 
generated region. Fig. 10 shows this. 

25 [0105] In the database 43, the internal pressure variation values, manipulated variables, quantity of non-manipulat- 
abie state are organized and stored in the time series at time periods, and if the data is sent from the inputting unit 44, 
the data is additionally stored in the database 43. 

[0106] The inputting unit 44 receives the plant data and weather data sent from the plant 50 outside the combustion 
vibration estimating apparatus 40, and sends the same to the database 43. The plant data and weather data include 
30 the internal pressure variation values, manipulated variables and quantity of non-man ipulatable state. From a device 
such as a keyboard or a touch screen provided in the inputting unit 44, limiting values Zy (i=1 , .... n 1( j=1, n 2 ), the 
restricting value F of the NOx discharge amount, gains ak, pk (k=1 , n^ and values of variables except particular 
two variables of the j-th frequency band of the i-th combustor are input, and these are sent to the safe region estimating 
unit 42. 

35 [0107] For example, in a gas turbine 51 , the plant data includes, in addition to the internal pressure variation value 
and the NOx discharge amount, an intake air temperature, an intake air pressure, an intake airflow rate, a temperature 
of outlet of a compressor, pressure of the outlet of the compressor, a fuel flow rate, a fuel temperature, a fuel pressure, 
a temperature of exhaust gas, angle of an inlet guide blade, an opening of a combustor bypass valve, an opening of 
a fuel flow rate control valve. There exist fuel flow rate, fuel pressure and fuel flow rate control valve which are for main 

40 flame mainly used for combustion, and fuel flow rate, fuel pressure and fuel flow rate control valve which are for pilot 
flame used for holding the main flame. The weather data includes an atmosphere temperature, atmospheric pressure, 
and moisture. The manipulated variable and the quantity of non-manipulatable state used for the multi-regression 
model are selected from the weather data. In Fig. 11 , a symbol 53 represents a compressor, a symbol 54 represents 
a turbine, a symbol 55 represents a combustor, a symbol 56 represents a main fuel flow rate control valve, a symbol 

45 57 represents a pilot fuel flow rate control valve, a symbol 58 represents a combustor bypass valve, and a symbol 59 
represents an inlet guide blade. 

[0108] The outputting unit 45 outputs an estimation result sent from the safe region estimating unit 42. Fig. 1 0 shows 
an example of output in which a safe region is output. In Fig. 10, the horizontal axis is X„ and the vertical axis is X 12 . 
In this example, the safe regions are shown like contour lines per each gain ak and pk. A central portion is the com- 

50 bustion vibration- less prone tobe generated region and outer portion is combustion vibration-prone to be generated 
region. The region is output to a display device such as a CRT or a printer provided in the outputting unit 45. 
[0109] As explained above, according to this combustion vibration estimating apparatus 40, combustion vibration 
and the NOx discharge amount generated in a combustor of a gas turbine are estimated by the mathematical model, 
and based on this, the combustion control system can easily be controlled, the breakage of facilities can be avoided, 

55 the utilization ratio of facilities can be enhanced, and safety can also be enhanced. Therefore, if the combustion vibration 
estimating apparatus 40 is used, a safe r gion where the NOx discharge amount is equal to or less than th restricting 
value and the combustion vibration is less prone to be generated is suggested for a combustion control parameter of 
a gas turbine which was conventionally adjusted based on experience of a skilled adjusting operator. Therefore, for 
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example, it is possible to shorten the field adjusting period, and even a person who is not skilled can carry out the field 
adjustment easily. Fig. 12 concretely shows one example of an output result that can be applied to adjustment of a 
combustion control system of a gas turbine. 

[01 1 0] Although the plant data and weather data are input from the plant 50 in the above embodiment, the data may 
5 be input directly manually from a keyboard provided in the inputting unit 44 . The model structure is described as being 
one liner order, but it may be a higher-order model of two orders or more. The model formula is described as being 
formula using manipulated variable or quantity of non-manipulatable state input from the plant 50, but a value converted 
based on physical characteristics may be used. 

[0111] Fig. 13 shows a structure of a forth embodiment of the combustion vibration estimating apparatus of the 
10 present invention. In Fig. 13, a symbol 60 represents the entire combustion vibration estimating apparatus. The com- 
bustion vibration estimating apparatus 60 comprises an internal pressure variation characteristic grasping unit 41 for 
making an internal pressure variation of a combustor into a mathematical model, a safe region estimating unit 62 for 
obtaining a region where an NOx discharge amount and a CO discharge amount are equal to or less than a restricting 
value and combustion vibration is less prone to be generated, a database 63 for storing plant data and weather data 
15 in a time series, inputting unit 64 for inputting a limiting value of the plant data, the weather data and the internal 
pressure variation and a restricting values of NOx and CO, outputting unit 65 for outputting a safe region estimation 
result, a NOx discharge amount characteristic grasping unit 46 for making the NOx discharge amount into a mathe- 
matical model, and a CO discharge amount characteristic grasping unit 67 for making the CO discharge amount into 
a mathematical model. A plant 50 of a to-be estimated combustion vibration is connected to the inputting unit 64. 
20 [0112] The internal pressure variation characteristic grasping unit 41 and the NOx discharge amount characteristic 
grasping unit 46 are the same as those in the third embodiment. A redundancy explanation will be omitted, and only 
a portion different from the third embodiment will be explained. 

[01 1 3] The CO discharge amount characteristic grasping unit 67 constructs a mathematical model which explains a 
CO discharge amount using data stored in the database 63. For example, the CO discharge amount is made into a 
25 model with amulti-regressionmodel expressed by the following equation (7): 



30 [0114] In equation (7), 



G: CO discharge amount 

X 11 : value of manipulated variable 1 

X 12 : value of manipulated variable 2 

X 2 v value of quantity of non-manipulatable state 1 

X22: value of quantity of non-manipulatable state 2 

c 0 , c 1( Cg, C3, c 4 : coefficient parameter 



[0115] The CO discharge amount characteristic grasping unit 67 obtains the Cq, c 1( Cg, C3 and c 4 , using the CO 
40 discharge amount, the manipulated variable and quantity of non-manipulatable state organized and stored into the 
database 63 in the time series at time periods, and sends the same to the safe region estimating unit 62. As a solution 
of the coefficient parameters, a method of least squares is used for example. 

[01 16] For the sake of explanation, a model formula is described based on that the number of manipulated variables 
is two and the quantity of non-manipulatable states is two, but the number is not limited to two. 

45 [01 17] The safe region estimating unit 62 obtains a region where both the NOx discharge amount and CO discharge 
amount are equal to or less than the restricting value and the combustion vibration is less prone to be generated, using 
mathematical models obtained by the internal pressure variation characteristic grasping unit 41 , the NOx discharge 
amount characteristic grasping unit 46 and the CO discharge amount characteristic grasping unit 67. 
[0118] The methods for obtaining the combustion vibration -I ess prone to be generated region, the combustion vl- 

50 bration-prone to be generated region , the NOx-less-prone to be generated region and the NOx-prone to be generated 
region are the same as those of the third embodiment. Therefore, methods for obtaining the combustion vibration-less 
prone to be generated region and the combustion vibration-prone to be generated region will be explained below. 
[01 19] Like the procedure of the combustion vibration and NOx, the safe region estimating unit 62 obtains the com- 
bustion vibration-less prone to be generated region and the combustion vibration-prone to be generated region from 

55 a restricting value H of the CO discharge amount, gain7k(k=1, n 3 ) and particular two variables sent from the in putting 
unit 64, and from the coefficient parameters Cq, a,, c^, C3 and c 4 sent from the CO discharge amount characteristic 
grasping unit 67. 
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[0120] The safe region estimating unit 62 obtains a region where both th NOx discharge amount and CO discharge 
amount are equal to or less than the restricting value and the combustion vibration is less prone to be generated based 
on the procedure of linear programming, for the combustion vibration-less-prone to be generated region, the combus- 
tion vibration-pone to be generated region, the NOx-less-prone to be generated region, the N Ox-prone to be generated 

5 region, the CO-less-prone to be generated region and the CO-prone to be generated region, and sends the same to 
the outputting unit 65. Fig. 14 shows this. In Fig. 14, ifthe coefficient parameter Cg is positive, an upper side of the 
straight line is a CO-prone to be generated region and a lower side is a CO-less prone to be generated region. If the 
coefficient parameter Cg is negative on the contrary, the lower side of the straight line is the CO-prone to be generated 
region, and the upper side is the CO-less prone to be generated region. 

10 [01 21] In the database 63, the internal pressure variation values, manipulated variables, the NOx discharge amount, 
the CO discharge amount, the manipulated variable and the quantity of non-manipulatable state are organized and 
stored in the time series at time periods, and if the data is sent from the inputting unit 64, the data is additionally stored 
in the database 63. 

[01 22] The inputting unit 64 receives the plant data and weather data sent from the plant 50 outside the combustion 
15 vibration estimating apparatus 60, and sends the same to the database 63. From a device such as a keyboard or a 

touch screen provided in the inputting unit 64, limiting values Zy (i=1 n 1v j=1 n 2 ), the restricting value F of the 

NOx discharge amount, the restricting value H of the CO discharge amount, gains ctk, pk (k=1 n^ and values of 

variables except particular two variables of the j-th frequency band of the i-th combustor are input, and these are sent 
to the safe region estimating unit 62. The plant data and weather data include the internal pressure variation value, 
20 the NOx discharge amount, the CO discharge amount, the manipulated variable and the quantity of non-manipulatable 
state. For example, in the third embodiment, the plant data and weather data are the various data explained in asso- 
ciation with Fig. 11 to which the CO discharge amount is added. 

[01 23] The outputting unit 65 outputs an estimation result sent from the safe region estimating unit 62. Fig. 1 4 shows 
an example of output in which a safe region is output. In Fig. 14, the horizontal axis is and the vertical axis is X 12 . 

25 In this example, the safe regions are shown like contour lines per each gain ak, pk, 7k. A central portion is the combustion 
vibration-less prone to be generated region and outer portion is combustion vibration-prone to be generated region. 
The region is output to a display device such as a CRT or a printer provided in the outputting unit 65. 
[0124] As explained above, according to this combustion vibration estimating apparatus 60, combustion vibration, 
the NOx discharge amount and the CO discharge amount generated in a combustor of a gas turbine are estimated by 

30 the mathematical model, and based on this, the combustion control system can easily be controlled, the breakage of 
facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. Therefore, 
if the combustion vibration estimating apparatus 60 is used, a safe region where the NOx discharge amount and the 
CO discharge amount are equal to or less than the restricting values and the combustion vibration is less prone to be 
generated is suggested for a combustion control parameter of a gas turbine which was conventionally adjusted based 

35 on experience of a skilled adjusting operator. Therefore, for example, it is possible to shorten the field adjusting period, 
and even a person who is not skilled can cany out the field adjustment easily. 

[01 25] Although the plant data and weather data are input from the plant 50 in the above embodiment, the data may 
be input directly manually from a keyboard provided in the inputting unit 64. The model structure is described as being 
one liner order, but it may be a higher-order model of two orders or more. The model formula is described as being 
40 formula using manipulated variable or quantity of non-manipulatable state input from the plant 50, but a value converted 
based on physical characteristics may be used. 

[01 26] Fig. 1 5 shows a structure of a fifth embodiment of the combustion vibration estimating apparatus of the present 
invention. In Fig. 15, a symbol 70 represents the entire combustion vibration estimating apparatus. The combustion 
vibration estimating apparatus 70 comprises an internal pressure variation characteristic grasping unit 71 for making 

45 an internal pressure variation of a combustor into a mathematical model, a safe region estimating unit 72 for obtaining 
a region where an NOx discharge amount and a CO discharge amount are equal to or less than a restricting value and 
combustion vibration is less prone to be generated, a database 63 for storing plant data and weather data in a time 
series, inputting unit 74 for inputting a limiting value of the plant data, the weather data and the internal pressure 
variation and a restricting values of NOx and CO, outputting unit 65 for outputting a safe region estimation result, a 

50 NOx discharge amount characteristic grasping unit 76 for making the NOx discharge amount into a mathematical 
model, and focus setting unit 78 for selecting data used for mathematical model. A plant 50 of a to-be estimated 
combustion vibration is connected to the inputting unit 74. 

[0127] The internal pressure variation characteristic grasping unit 71 has a function for selecting a database used 
for making data into mathematical model, based on a selection result described in a certain area of the database 63. 
55 Since the other structure and function and the like of the internal pressure variation characteristic grasping unit 71 are 
the same as thos of the internal pressure variation characteristic grasping unit 41 of the third embodiment, redundant 
explanation will be omitted. 

[01 28] The discharge amount characteristic grasping unit 76 has a function for selecting a database used for making 
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data into mathematical model, based on a selection r suit described in a certain area of the database 63. Since the 
other structure and function and the like of the discharge amount characteristic grasping unit 76 are the same as those 
of the NOx discharge amount charact ristic grasping unit 46 in the third embodiment and the CO discharge amount 
characteristic grasping unit 67 in the forth embodiment, redundant explanation will be omitted. 
5 [0129] The safe region estimating unit 72 obtains a region where both the NOx discharge amount and the CO dis- 
charge amount are equal to or less than the restricting values and the combustion vibration is less prone to be gener- 
ated, using mathematical models obtained by the internal pressure variation characteristic grasping unit 71 and the 
discharge amount characteristic grasping unit 76. 

[0130] Methods for obtaining the combustion vibration-less-prone to be generated region, the combustion vibration- 
10 pone to be generated region, the NOx-less-prone to be generated region, the NOx-prone to be generated region, the 
CO-less-prone to be generated region and the CO-prone to be generated region are the same as those of the forth 
embodiment, redundant explanation will be omitted. 

[0131] The focus setting unit 78 selects data from data stored in the database 63 which corresponds to the focus 
setting inf ormation input from the inputting unit 74, and describes the selection result in a certain memory in the database 

15 63. Here, the focus setting information is not specially limited, but is information such as upper limit values, lower limit 
values of the various variables, a center of the selection range and a maximum distance from the center. 
[0132] The inputting unit 74 inputs the focus setting information for selecting data used for making a mathematical 
model from a device such as a keyboard and a touch screen provided in the inputting unit to transmit to the focus 
setting unit 78. Other structure, function and the like of the inputting unit 74 are the same as those of the inputting unit 

20 64 in the forth embodiment except that the various data input from the device such as the keyboard and the touch 
screen is sent to the safe region estimating unit 72 (safe region estimating unit 62 in the forth embodiment). Therefore, 
redundant explanation will be omitted. The plant data and weather data are also the same as those of the forth em- 
bodiment. 

[01 33] The outputting unit 65 is the same as that of the forth embodiment except that the estimation result is supplied 

25 to the safe region estimating unit 72 (safe region estimating unit 62 in the forth embodiment). Therefore, redundant 
explanation will be omitted. Fig. 1 6 shows an example of output in which a safe region is output. In Fig. 1 6, the horizontal 
axis is X n and the vertical axis is X 12 . In this example, the safe regions are shown like contour lines per each gain ctk, 
Pk, 7k. A central portion is the combustion vibration-less prone to be generated region and outer portion is combustion 
vibration-prone to be generated region. 

30 [0134] As explained above, according to this combustion vibration estimating apparatus 70, the combustion vibration, 
the NOx discharge amount and the CO discharge amount generated in the combustor of the gas turbine are estimated, 
the safe region where the combustion vibration is less prone to be generated can widely be obtained macroscopically 
and can be obtained with high precision macroscopically. Therefore, it is easy to grasp the combustion vibration char- 
acteristics. Further, by grasping the combustion vibration characteristics, the combustion control system can be ad- 

35 justed easily, the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety 
can also be enhanced. For example, if the combustion vibration estimating apparatus 70 is used, a safe region where 
the NOx discharge amount and the CO discharge amount are equal to or less than the restricting values and the 
combustion vibration is less prone to be generated is suggested for a combustion control parameter of a gas turbine 
which was conventionally adjusted based on experience of a skilled adjusting operator. Therefore, for example, it is 

40 possible to shorten the field adjusting period, and even a person who is not skilled can cany out the field adjustment 
easily. 

[01 35] Although the plant data and weather data are input from the plant 50 in the above embodiment, the data may 
be input directly manually from a keyboard provided in the inputting unit 74. The model structure is described as being 
one liner order, but it may be a higher-order model of two orders or more. The model formula is described as being 
45 formula using manipulated variable or quantity of non-manipulatable state input from the plant 50, but a value converted 
based on physical characteristics may be used. 

[0136] Fig. 17 shows a structure of a sixth embodiment of the combustion vibration estimating apparatus of the 
present invention. In Fig. 17, a symbol 80 represents the entire combustion vibration estimating apparatus. The com- 
bustion vibration estimating apparatus 80 comprises an internal pressure variation characteristic grasping unit 71 for 

50 making an internal pressure variation of a combustor into a mathematical model, a safe region estimating unit 62 for 
obtaining a region where an NOx discharge amount and a CO discharge amount are equal to or less than a restricting 
value and combustion vibration is less prone to be generated, a database 63 for storing plant data and weather data 
in a time series, inputting unit 84 for inputting a limiting value of the plant data, the weather data and the internal 
pressure variation and a restricting values of NOx and CO, outputting unit 85 for outputting a safe region estimation 

55 result and data used for making a mathematical model, a NOx discharge amount characteristic grasping unit 76 for 
making the NOx discharge amount into a mathematical model, focus setting unit 88 for selecting data used for math- 
ematical model, and proposed adjustment generating unit 89 for obtaining a point to be measured next using a safe 
region estimation result. A plant 50 of a to-be estimated combustion vibration is connected to the inputting unit 84. 
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[0137] Since the internal pressure variation characteristic grasping unit 71 and the discharge amount characteristic 
grasping unit 76 are the same as those of the fifth embodiment, redundant explanation will be omitted. 
[0138] The safe region estimating unit 82 obtains an estimated optimal point where both the NOx discharge amount 
and CO discharge amount are equal to or less than the restricting values and a level of generation of the combustion 
5 vibration is the smallest, and sends th estimated optimal point to the focus setting unit 88 and the outputting unit 85. 
Other structure, function and the like of the safe region estimating unit 82 are the same as those of the safe region 
estimating unit 72 in the fifth embodiment, redundant explanation will be omitted. 

[0139] Methods for obtaining the combustion vibration-less-prone to be generated region, the combustion vibration- 
pone to be generated region, the NOx-less-prone to be generated region, the NOx-prone to be generated region, the 
w CO-iess-prone to be generated region and the CO-prone to be generated region are the same as those of the forth 
embodiment, redundant explanation will be omitted. 

[0140] At an initial stage of adjustment, the focus setting unit 88 selects data from data stored in the database 63 
which corresponds to initial focus setting information input from the inputting unit 84, and describes the selection result 
in a certain memory in the database 63. Here, the focus setting information is not specially limited, but is information 

is such as upper limit values, lower limit values of the various variables, and coordinates of a center of the focus. 

[0141] The focus setting unit 88 changes the initial focus setting information based on the estimated optimal point 
obtained by the safe region estimating unit 82. The changed focus setting information is defined as new focus setting 
information. The focus setting unit 88 changes the existing focus setting information based on the estimated optimal 
point obtained by the safe region estimating unit 82, and changed focus setting information is defined as new focus 

20 setting information. The focus setting unit 88 selects data from data stored in the database 63 which corresponds to 
the changed focus setting information, and describes the selection result in a certain memory in the database 63. If 
the estimated optimal point is located outside of the current focus, the focus is moved toward the estimated optimal 
point. Even if the estimated optimal point is located inside the focus, if its location is near the periphery of the focus, 
the location of the focus is again set by moving the focus slightly. Fig. 18 shows one example of the movement of the 

25 focus. In this example, the focuses are moved while partially superposing on one another, but the movement is not 
limited to this. 

[0142] The proposed adjustment generating unit 89 searches, in a focus which was newly set by the focus setting 
unit 88, points where measurement of data of the turbine is insufficient, and sends the insufficient point as a point to 
be additionally measured to the outputting unit 85. Fig. 18 shows this. For example, assume that the current focus is 

30 set in an area of a focus 1 in Fig. 18, data of point shown with x was already measured, and the estimated optimal 
point is located in an upper right direction in Fig. 18. In this case, the focus moves toward the estimated optimal point 
(upper right direction in Fig. 1 8, an area located in the upper right direction in Fig. 1 8 from the focus 1 is newly determined 
as a focus 2. At that time, the proposed adjustment generating unit 89 proposes to measure data of points shown with 
A which are newly included in the focus 2. 

35 [01 43] The inputting unit 84 inputs initial focus setting information for selecting data used for making a mathematical 
model from the device such as the keyboard and the touch screen provided in the inputting unit, and sends the infor- 
mation to the focus setting unit 88. Other structure, function and the like of the inputting unit 84 are the same as those 
of the inputting unit 64 in the forth embodiment except that the various data input from the device such as the keyboard 
and the touch screen is sent to the safe region estimating unit 82 (safe region estimating unit 62 in the forth embodiment) , 

to redundant explanation will be omitted. The plant data and weather data are also the same as those of the forth em- 
bodiment. 

[0144] The outputting unit 85 outputs, to a CRT or a printer provided in the outputting unit 85, an estimation result 
sent from the safe region estimating unit 82, a focus area set by the focus setting unit 88 and a measuring point sent 
from the proposed adjustment generating unit 89. In this example, the safe regions are shown like contour lines per 

45 each gain otk, pk, 7k. A central portion is the combustion vibration -less prone to be generated region and outer portion 
is combustion vibration -prone to be generated region. In Fig. 18, rectangular regions shown with the focuses 1 , 2 and 
3 show that the focuses move sequentially. The symbol x represents a point where data was already measure, and 
symbols A and Oshow proposed points where data should additionally be measured in the focuses 2 and 3, respectively. 
[0145] As explained above, according to this combustion vibration estimating apparatus 80, the combustion vibration, 

50 the NOx discharge amount and the CO discharge amount generated in the combustor of the gas turbine are estimated, 
the safe region where the combustion vibration is less prone to be generated is obtained with high precision, and a 
new measuring point is proposed for searching safer driving point. Therefore, it is possible to obtain a point where the 
NOx discharge amount and the CO discharge amount are equal to or less than the restricting values and the combustion 
vibration is least prone to be generated, i.e., the optimal driving point. Therefore, the combustion control system can 

55 be adjusted easily, and the adjustment can be carried out within a shorter as compared with the conventional method. 
Further, the breakage of facilities can b avoided, the utilization ratio of facilities can be enhanced, and safety can also 
be enhanced. For example, if the combustion vibration estimating apparatus 80 is used, a safe region where the NOx 
discharge amount and the CO discharge amount are equal to or less than the restricting values and the combustion 
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vibration is less prone to be generated is suggested for a combustion control parameter of a gas turbine which was 
conventionally adjusted based on experience of a skilled adjusting operator. Therefore, for example, it is possible to 
short n the field adjusting period, and even a person who is not skilled can carry out the field adjustment easily. 
[01 46] Although the plant data and weather data are input from the plant 50 in the above embodiment, the data may 
5 be input directly manually from a keyboard provided in the inputting unit 84. The model structure is described as being 
one liner order, but it may be a higher-order model of two orders or more. The model formula is described as being 
formula using manipulated variable or quantity of non-manipulatable state input from the plant 50, but a value converted 
based on physical characteristics may be used. 

[0147] As explained above, according to the combustion vibration estimating apparatus of the present invention, the 

10 combustion vibration-prone to be generated region and the combustion vibration-less prone to be generated region 
are obtained based on the mathematical model constructed from the plant data and weather data, and a result thereof 
is output. Therefore, adjustment the combustion control system can be facilitated, the breakage of facilities can be 
avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 
[0146] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 

15 variation characteristic grasping unit makes the internal pressure variation of the combustor into the mathematical 
model from the plant data and weather data input by the inputting unit, the combustion vibration region estimating unit 
applies the limiting value of the internal pressure variation to the mathematical model to obtain the combustion-prone 
to be generated region, and the combustion vibration region estimation result is output from the outputting unit. There- 
fore, adjustment the combustion control system can be facilitated, the breakage of facilities can be avoided, the utili- 

20 zation ratio of facilities can be enhanced, and safety can also be enhanced. 

[0149] Moreover, the plant data and the weather data input by the inputting unit are stored into a time series, the 
internal pressure variation characteristic grasping unit obtains data from the database to make the internal pressure 
variation of the combustor into the mathematical model. Therefore, a region where the combustion vibration is prone 
to be generated is obtained more reliably. 

25 [0150] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 
variation estimating unit estimates the internal pressure variation of the combustor by the plant data and weather data 
input by the inputting unit, and the estimated internal pressure variation estimation result is output from the outputting 
unit. Therefore, it is possible to judge whether the internal pressure variation of the gas turbine combustor is at a level 
as planned, generation of the combustion vibration can be detected at an early stage, the breakage of facilities can 

30 be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 

[01 51 ] Moreover, the plant data and weather data input by the inputting unit are stored in the time series, the internal 
pressure variation estimating unit estimates the estimated value of the internal pressure variation of the latest data 
stored in the database. Therefore, the internal pressure variation is estimated reliably. 

[0152] According to the combustion vibration estimating apparatus of the present invention, the combustion vibration- 
al less prone to be generated region and combustion vibration-prone to be generated region are obtained based on the 
mathematical model which explains internal pressure variation and NOx discharge amount constructed from the plant 
data and weather data. Therefore, adjustment the combustion control system can be facilitated, the breakage of facil- 
ities can be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 
[0153] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 
40 variation characteristic grasping unit makes the internal pressure variation of the combustor into the mathematical 
model from the plant data and weather data input from the inputting unit, the NOx discharge amount characteristic 
grasping unit makes the NOx discharge amount into the mathematical model from the plant data and weather data 
input by the inputting unit, the safe region estimating unit applies the limiting value of the internal pressure variation 
and the restricting value of the NOx to the mathematical model to obtain the combustion vibration- less prone to be 
45 generated region, and the safe region estimation result is output from the outputting unit. Therefore, adjustment the 
combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities 
can be enhanced, and safety can also be enhanced. 

[0154] According to the combustion vibration estimating apparatus of the present invention, the combustion vibration- 
less prone to be generated region and combustion vibration-prone to be generated region are obtained based on the 
so mathematical model which explains the internal pressure variation, NOx discharge amount and the Codischarge 
amount constructed from the plant data and weather data, and a result thereof is output. Therefore, adjustment the 
combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities 
can be enhanced, and safety can also be enhanced. 

[0155] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 
55 variation characteristic grasping unit makes the internal pressure variation of the combustor into the mathematical 
model from the plant data and weather data input by the inputting unit, the NOx discharge amount characteristic grasp- 
ing unit makes the NOx discharge amount into the mathematical model from the plant data and weather data input by 
the inputting unit, the CO discharge amount characteristic grasping unit makes the CO discharge amount into the 



20 



EP 1 229 226 A2 



mathematical model from the plant data and weather data input by the inputting unit, the safe region estimating unit 
applies the limiting value of the internal pressure variation and the restricting values of NOx and CO to the mathematical 
model, and the region where the discharge amounts of NOx and CO are equal to or less than the restricting value and 
the combustion vibration is prone to be generated, and the safe region estimation result is output from the outputting 
s unit. Therefore, adjustm nt the combustion control system can be facilitated, the breakage of facilities can be avoided, 
the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 

[0156] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 
variation characteristic grasping unit is input by the inputting unit, the internal pressure variation of the combustor is 
made into the mathematical model from the plant data and weather data selected by the focus setting unit, the discharge 

10 amount characteristic grasping unit makes the discharge amounts of NOx and CO into the mathematical model from 
the plant data and weather data selected by the focus setting unit, the safe region estimating unit applies the limiting 
value of the internal pressure variation and restricting values of NOx and CO to the mathematical model, a region 
where the NOx discharge amount and the CO discharge amount are equal to or less than the restricting value and the 
combustion vibration is less prone to be generated is obtained, and the safe region estimation result is output from the 

15 outputting unit. Therefore, adjustment the combustion control system can be facilitated, the breakage of facilities can 
be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 
[01 57] Moreover, focus setting unit selects plant data and weather data input by the inputting unit based on the region 
designated by the inputting unit or the setting mode. Therefore, the safe region where the combustion vibration is less 
prone to be generated can widely be obtained macroscopical fy and can be obtained with high precision macroscopicalfy. 

20 [0158] According to the combustion vibration estimating apparatus of the present invention, the internal pressure 
variation characteristic grasping unit makes the internal pressure variation of the combustor into the mathematical 
model from the plant data and weather data selected by the focus determining unit, the discharge amount characteristic 
grasping unit makes the NOx and CO discharge amounts into the mathematical model from the plant data and weather 
data selected by the focus determining unit, the safe region estimating unit applies the limiting value of the internal 

25 pressure variation and the NOx and CO restricting values to the mathematical model, a region where the NOx discharge 
amount and the CO discharge amount are equal to or less than the restricting value and the combustion vibration is 
less prone to be generated is obtained, and the proposed adjustment generating unit obtains the point to be measured 
next using the safe region estimation result by the safe region estimating unit, and the safe region estimation result by 
the safe region estimating unit and the point to be measured next by the proposed adjustment generating unit are 

30 output from the outputting unit. Therefore, adjustment the combustion control system can be facilitated, the breakage 
of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 
[0159] Moreover, the focus determining unit determines the next focus based on the mathematical model obtained 
based on the plant data and weather data selected by the determination of the last focus. Therefore, it is easy to search 
the optimal driving point. 

35 [0160] According to the plant of the present invention, the combustion vibration-prone to be generated region and 
the combustion vibration-less prone to be generated region are obtained based on the mathematical model constructed 
from the plant data and weather data, and a result thereof is output. Therefore, adjustment the combustion control 
system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, 
and safety can also be enhanced. 

40 [0161] According to the plant of the present invention, the internal pressure variation characteristic grasping unit 
makes the internal pressure variation of the combustor into the mathematical model from the plant data and weather 
data input by the inputting unit, the combustion vibration region estimating unit applies the limiting value of the internal 
pressure variation to the mathematical model to obtain the combustion-prone to be generated region, and the com- 
bustion vibration region estimation result is output from the outputting unit. Therefore, adjustment the combustion 

45 control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be 
enhanced, and safety can also be enhanced. 

[0162] Moreover, the plant data and the weather data input by the inputting unit are stored into a time series, the 
internal pressure variation characteristic grasping unit obtains data from the database to make the internal pressure 
variation of the combustor into the mathematical model. Therefore, a region where the combustion vibration is prone 

50 to be generated is obtained more reliably. 

[0163] According to the plant of the present invention, the internal pressure variation estimating unit estimates the 
internal pressure variation of the combustor by the plant data and weather data input by the inputting unit, and the 
estimated internal pressure variation estimation result is output from the outputting unit. Therefore, it is possible to 
judge whether the internal pressure variation of the gas turbine combustor is at a level as planned, generation of the 

55 combustion vibration can be detected at an early stage, the breakage of facilities can be avoided, the utilization ratio 
of facilities can be enhanced, and safety can also be enhanced. 

[01 64] Moreover, the plant data and weather data input by the inputting unit are stored in the time series, the internal 
pressure variation estimating unit estimates the estimated value of the internal pressure variation of the latest data 
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stored in the database. Therefore, the internal pressure variation is estimated reliably. 

[0165] According to the plant of the present invention, the combustion vibration-less prone to be generated region 
and combustion vibration-prone to be generated region are obtained based on the mathematical model which explains 
internal pressure variation and NOx discharge amount constructed from the plant data and weather data . Therefore, 
5 adjustment the combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization 
ratio of facilities can be enhanced, and safety can also be enhanced. 

[0166] According to the plant of the present invention, the internal pressure variation characteristic grasping unit 
makes the internal pressure variation of the combustor into the mathematical model from the plant data and weather 
data input from the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge 

10 amount into the mathematical model from the plant data and weather data input by the inputting unit, the safe region 
estimating unit applies the limiting value of the internal pressure variation and the restricting value of the NOx to the 
mathematical model to obtain the combustion vibration-less prone to be generated region, and the safe region esti- 
mation result is output, from the outputting unit. Therefore, adjustment the combustion control system can be facilitated, 
the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety can also be 

15 enhanced. 

[0167] According to the plant of the present invention, the combustion vibration-less prone to be generated region 
and combustion vibration -prone to be generated region are obtained based on the mathematical model which explains 
the internal pressure variation, NOx discharge amount and the CO discharge amount constructed from the plant data 
and weather data, and a result thereof is output. Therefore, adjustment the combustion control system can be facilitated, 
20 the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety can also be 
enhanced. 

[0168] According to the plant of the present invention, the internal pressure variation characteristic grasping unit 
makes the internal pressure variation of the combustor into the mathematical model from the plant data and weather 
data input by the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx discharge 

25 amount into the mathematical model from the plant data and weather data input by the inputting unit, the CO discharge 
amount characteristic grasping unit makes the CO discharge amount into the mathematical model from the plant data 
and weather data input by the inputting unit, the safe region estimating unit applies the limiting value of the internal 
pressure variation and the restricting values of NOx and CO to the mathematical model, and the region where the 
discharge amounts of NOx and CO are equal to or less than the restricting value and the combustion vibration is prone 

30 to be generated, and the safe region estimation result is output from the outputting unit. Therefore, adjustment the 
combustion control systemcanbe facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities 
can be enhanced, and safety can also be enhanced. 

[0169] According to the plant of the present invention, the internal pressure variation characteristic grasping unit is 
input by the inputting unit, the internal pressure variation of the combustor is made into the mathematical model from 

35 the plant data and weather data selected by the focus setting unit, the discharge amount characteristic grasping unit 
makes the discharge amounts of NOx and CO into the mathematical model from the plant data and weather data 
selected by the focus setting unit, the safe region estimating unit applies the limiting value of the internal pressure 
variation and restricting values of NOx and CO to the mathematical model, a region where the NOx discharge amount 
and the CO discharge amount are equal to or less than the restricting value and the combustion vibration is less prone 

40 to be generated is obtained, and the safe region estimation result is output from the outputting unit. Therefore, adjust- 
ment the combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of 
facilities can be enhanced, and safety can also be enhanced. 

[0170] Moreover, the focus setting unit selects plant data and weather data input by the inputting unit based on the 
region designated by the inputting unit or the setting mode. Therefore, the safe region where the combustion vibration 
*5 is less prone to be generated can widely be obtained macroscopically and can be obtained with high precision mac- 
roscopically. 

[0171] According to the plant of the present invention, the internal pressure variation characteristic grasping unit 
makes the internal pressure variation of the combustor into the mathematical model from the plant data and weather 
data selected by the focus determining unit, the discharge amount characteristic grasping unit makes the NOx and CO 

50 discharge amounts into the mathematical model from the plant data and weather data selected by the focus determining 
unit, the safe region estimating unit applies the limiting value of the internal pressure variation and the NOx and CO 
restricting values to the mathematical model, a region where the NOx discharge amount and the CO discharge amount 
are equal to or less than the restricting value and the combustion vibration is less prone to be generated is obtained, 
and the proposed adjustment generating unit obtains the point to be measured next using the safe region estimation 

55 result by the safe region estimating unit, and the safe region estimation result by the safe region estimating unit and 
the point to be measured next by the proposed adjustment generating unit are output from the outputting unit. Therefore, 
adjustment the combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization 
ratio of facilities can be enhanced, and safety can also be enhanced. 
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[0172] Moreover, th focus determining unit determines the next focus based on the mathematical model obtained 
based on the plant data and weather data selected by the determination of the last focus. Therefore, it is easy to search 
the optimal driving point. 

[0173] According to the gas turbine plant of the present invention, the combustion vibration-prone to be generated 
5 region and the combustion vibration-less prone to be generated region are obtained based on the mathematical model 
constructed from the plant data and weather data, and a result thereof is output. Therefore, adjustment the combustion 
control systemcanbe facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be en- 
hanced, and safety can also be enhanced. 

[0174] According to the gas turbine plant of the present invention, the internal pressure variation characteristic grasp- 
to ing unit makes the internal pressure variation of the combustor into the mathematical model from the plant data and 
weather data input by the inputting unit, the combustion vibration region estimating unit applies the limiting value of 
the internal pressure variation to the mathematical model to obtain the combustion-prone to be generated region, and 
the combustion vibration region estimation result is output from the outputting unit. Therefore, adjustment the combus- 
tion control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be 
15 enhanced, and safety can also be enhanced. 

[0175] Moreover, the plant data and the weather data input by the inputting unit are stored into a time series, the 
internal pressure variation characteristic grasping unit obtains data from the database to make the internal pressure 
variation of the combustor into the mathematical model. Therefore, a region where the combustion vibration is prone 
to be generated is obtained more reliably. 
20 [0176] According to the gas turbine plant of the present invention, the internal pressure variation estimating unit 
estimates the internal pressure variation of the combustor by the plant data and weather data input by the inputting 
unit, and the estimated internal pressure variation estimation result is output from the outputting unit. Therefore, it is 
possible to judge whether the internal pressure variation of the gas turbine combustor is at a level as planned, generation 
of the combustion vibration can be detected at an early stage, the breakage of facilities can be avoided, the utilization 
25 ratio of facilities can be enhanced, and safety can also be enhanced. 

[0177] Moreover, the plant data and weather data input by the inputting unit are stored in the time series, the internal 
pressure variation estimating unit estimates the estimated value of the internal pressure variation of the latest data 
stored in the database. Therefore, the internal pressure variation is estimated reliably. 

[0178] According to the gas turbine plant of the present invention, the combustion vibration -less prone to be gener- 
30 ated region and combustion vibration-prone to be generated region are obtained based on the mathematical model 
which explains internal pressure variation and NOx discharge amount constructed from the plant data and weather 
data. Therefore, adjustment the combustion control system can be facilitated, the breakage of facilities can be avoided, 
the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 

[0179] According to the gas turbine plant of the present invention, the internal pressure variation characteristic grasp- 
35 ing unit makes the internal pressure variation of the combustor into the mathematical model from the plant data and 
weather data input from the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx 
discharge amount into the mathematical model from the plant data and weather data input by the inputting unit, the 
safe region estimating unit applies the limiting value of the internal pressure variation and the restricting value of the 
NOx to the mathematical model to obtain the combustion vibration-less prone to be generated region, and the safe 
40 region estimation result is output from the outputting unit. Therefore, adjustment the combustion control system can 
be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety 
can also be enhanced. 

[0180] According to the gas turbine plant of the present invention, the combustion vibration -less prone to be gener- 
ated region and combustion vibration-prone to be generated region are obtained based on the mathematical model 
45 which explains the internal pressure variation, NOx discharge amount and the CO discharge amount constructed from 
the plant data and weather data, and a result thereof is output. Therefore, adjustment the combustion control system 
can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities can be enhanced, and safety 
can also be enhanced. 

[0181] According to the gas turbine plant of the present invention, the internal pressure variation characteristic grasp- 
50 ing unit makes the internal pressure variation of the combustor into the mathematical model from the plant data and 
weather data input by the inputting unit, the NOx discharge amount characteristic grasping unit makes the NOx dis- 
charge amount into the mathematical model from the plant data and weather data input by the inputting unit, the CO 
discharge amount characteristic grasping unit makes the CO discharge amount into the mathematical model from the 
plant data and weather data input by the inputting unit, the safe region estimating unit applies the limiting value of the 
55 internal pressure variation and the restricting values of NOx and CO to the mathematical model, and the region where 
the discharge amounts of NOx and CO are equal to or less than the restricting value and the combustion vibration is 
prone to be generated, and the safe region stimation result is output from the outputting unit. Therefore, adjustment 
the combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization ratio of facilities 
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can be enhanced, and safety can also be enhanced. 

[01 82] According to the gas turbine plant of the present invention, the internal pressure variation characteristic grasp- 
ing unit is input by the inputting unit, the internal pressure variation of the combustor is made into the mathematical 
model from the plant data and weather data selected by the focus setting unit, the discharge amount characteristic 

5 grasping unit makes the discharge amounts of NOx and CO into the mathematical model from the plant data and 
weather data selected by the focus setting unit, the safe region estimating unit applies the limiting value of the internal 
pressure variation and restricting values of NOx and CO to the mathematical model, a region where the NOx discharge 
amount and the CO discharge amount are equal to or less than the restricting value and the combustion vibration is 
less prone to be generated is obtained, and the safe region estimation result is output from the outputting unit. Therefore, 

10 adjustment the combustion control system can be facilitated, the breakage of facilities can be avoided, the utilization 
ratio of facilities can be enhanced, and safety can also be enhanced. 

[0183] Moreover, the focus setting unit selects plant data and weather data input by the inputting unit based on the 
region designated by the inputting unit or the setting mode. Therefore, the safe region where the combustion vibration 
is less prone to be generated can widely be obtained macroscopically and can be obtained with high precision mac- 
is roscopically. 

[01 84] According to the gas turbine plant of the present invention, the internal pressure variation characteristic grasp- 
ing unit makes the internal pressure variation of the combustor into the mathematical model from the plant data and 
weather data selected by the focus determining unit, the discharge amount characteristic grasping unit makes the NOx 
and CO discharge amounts into the mathematical model from the plant data and weather data selected by the focus 

20 determining unit, the safe region estimating unit applies the limiting value of the internal pressure variation and the 
NOx and CO restricting values to the mathematical model, a region where the NOx discharge amount and the CO 
discharge amount are equal to or less than the restricting value and the combustion vibration is less prone to be 
generated is obtained, and the proposed adjustment generating unit obtains the point to be measured next using the 
safe region estimation result by the safe region estimating unit, and the safe region estimation result by the safe region 

25 estimating unit and the point to be measured next by the proposed adjustment generating unit are output from the 
outputting unit. Therefore, adjustment the combustion control system can be facilitated, the breakage of facilities can 
be avoided, the utilization ratio of facilities can be enhanced, and safety can also be enhanced. 
[0185] Moreover, the focus determining unit determines the next focus based on the mathematical model obtained 
based on the plant data and weather data selected by the determination of the last focus. Therefore, it is easy to search 

30 the optimal driving point. 

[0186] Although the invention has been described with respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the art which fairly fall within the basic teaching herein set forth. 

35 

Claims 

1 . A combustion vibration estimating apparatus comprising 

means adapted to construct a mathematical model for explaining internal pressure variation from plant data 
40 and weather data; 

means adapted to obtain a combustion vibration-prone to be generated region and a combustion vibration- 
less prone to be generated region based on the constructed mathematical model; and 
means for outputting the result. 

45 2. The combustion vibration estimating apparatus according to claim 1 , comprising: 

an inputting unit for inputting limiting values of plant data, weather data and internal pressure variation; 
an internal pressure variation characteristic grasping unit which is adapted to make internal pressure variation 
of a combustor into a mathematical model from the input plant data and weather data; 
50 a combustion vibration region estimating unit which applies a limiting value of the internal pressure variation 

to the mathematical model obtained by the internal pressure variation characteristic grasping unit to obtain 
said combustion vibration-prone to be generated region; and 

an outputting unit which outputs a combustion vibration region estimation result by the combustion vibration 
region estimating unit. 

55 

3. The combustion vibration estimating apparatus according to claim 2, furth r comprising: 

a database which is adapted to store the plant data and the weather data input by the inputting unit into a time 
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series, wherein the internal pressure variation characteristic grasping unit is adapted to obtain data from the 
database to make the internal pressure variation of the combustor into the mathematical model. 

A combustion vibration estimating apparatus comprising: 

an inputting unit for inputting plant data and weather data, 

an internal pressure variation estimating unit which is adapted to estimate internal pressure variation of a 
combustor from the input plant data and weather data, and 

an outputting unit which is adapted to output internal pressure variation estimation result estimated by the 
internal pressure variation estimating unit. 

The combustion vibration estimating apparatus according to claim 4, further comprising: 

a database which is adapted to store the plant data and weather data input by the inputting unit, wherein the 
internal pressure variation estimating unit is adapted to estimate estimated value of the internal pressure 
variation by data of latest time stored in the database. 

The combustion vibration estimating apparatus according to claim 1 , wherein 

said means is adapted to construct the mathematical model for explaining the internal pressure variation and 
NOx discharge amount from the plant data and weather data. 

The combustion vibration estimating apparatus according to claim 6, comprising: 

an inputting unit for inputting limiting values of plant data, weather data and internal pressure variation as well 
as a restricting value of NOx, 

an internal pressure variation characteristic grasping unit which is adapted to make internal pressure variation 
of a combustor into a mathematical model from the input plant data and weather data, 
a NOx discharge amount characteristic grasping unit which is adapted to make an NOx discharge amount into 
a mathematical model from the input plant data and weather data, 

a safe region estimating unit which is adapted to apply a limiting value of the internal pressure variation to the 
mathematical model obtained by the internal pressure variation characteristic grasping unit, and to apply a 
restricting value of the NOx to the mathematical model obtained by the NOx discharge amount characteristic 
grasping unit, thereby obtaining a region where the NOx discharge amount is equal to or less than the restricting 
value and the combustion vibration is less prone to be generated, and 

an outputting unit which is adapted to output a safe region estimation result by the safe region estimating unit: 

The combustion vibration estimating apparatus according to claim 6 wherein 

said means is adapted to construct the mathematical model for explaining the internal pressure variation, 
the NOx discharge amount and a CO discharge amount from the plant data and weather data. 

The combustion vibration estimating apparatus according to claim 8 comprising: 

an inputting unit for inputting limiting values of plant data, weather data and internal pressure variation, as well 
as restricting values of NOx and CO, 

an internal pressure variation characteristic grasping unit which is adapted to make internal pressure variation 
of a combustor into a mathematical model from the input plant data and weather data, 
a NOx discharge amount characteristic grasping unit which is adapted to make an NOx discharge amount into 
a mathematical model from the input plant data and weather data, 

a CO discharge amount characteristic grasping unit which is adapted to make a CO discharge amount into a 
mathematical model from the input plant data and weather data, 

a safe region estimating unit which is adapted to apply a limiting value of the internal pressure variation to the 
mathematical model obtained by the internal pressure variation characteristic grasping unit, to apply a restrict- 
ing value of the NOx to the mathematical model obtained by the NOx discharge amount characteristic grasping 
unit, and to apply a restricting value of the CO to the mathematical model obtained by the CO discharge amount 
characteristic grasping unit, thereby obtaining a region where the NOx discharge amount and the CO discharge 
amount ar equal to or less than th restricting value and the combustion vibration is less prone to be gener- 
ated, and 

an outputting unit which is adapted to output a safe region estimation result by the safe region estimating unit. 



25 



EP 1229 226 A2 

10. The combustion vibration estimating apparatus according to claim 9 comprising: 

a focus setting unit which is adapted to select data used for making the mathematical model from the input 
plant data and weather data, wherein 
5 said internal pressure variation characteristic grasping unit is adapted to make the internal pressur variation 

of the combustor into the mathematical model from the selected plant data and weather data, and 
said discharge amount characteristic grasping unit is adapted to make the NOx and CO discharge amounts 
into the mathematical model from the selected plant data and weather data. 

10 11 . The combustion vibration estimating apparatus according to claim 1 0, wherein the focus setting unit is adapted to 
select the plant data and weather data input from the inputting unit based on a region or a setting mode designated 
by the inputting unit. 

The combustion vibration estimating apparatus according to claim 10 comprising: 

a proposed adjustment generating unit which is adapted to obtain a point to be measured next, using a safe 
region estimation result by the safe region estimating unit, and 

wherein said outputting unit is adapted to output a point to be measured by the proposed adjustment generating 
unit. 

The combustion vibration estimating apparatus according to claim 12, wherein the focus determining unit is adapted 
to determine a next focus based on the mathematical model obtained based on plant data and weather data 
selected by determination of a last focus. 

25 14. A plant comprising: 

a combustor, and 

a combustion vibration estimating apparatus as defined in any one of claims 1 to 1 3, wherein the data for the 
mathematical model(s) are obtained with combustion in the combustor. 

30 

15. A gas turbine plant comprising: 

a gas turbine having a combustor, 

a compressor for supplying compressed air to the combustor, 
35 an inlet guide blade for supplying air to the compressor, 

a turbine which is connected to the compressor and is rotated by emission gas of the combustor, 

a main fuel flow rate control valve for controlling a main flame fuel supply amount which generates a main 

flame of combustion in the combustor, 

a pilot fuel flow rate control valve for controlling a pilot flame fuel supply amount which holds the main flame, 
40 a combustor by-pass valve for supplying the compressed air supplied from the compressor to the turbine 

without supplying it through the combustor, and 

a combustion vibration estimating apparatus as defined in any one of claims 1 to 1 3, wherein the data for the 
mathematical model(s) are obtained with combustion in the combustor. 
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